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ABSTRACT
The growth o f u n iv e r s i t ie s  in  America during the Tw entieth 
Century has been sp e c ta c u la r . Recent events on u n iv e rs ity  campuses, 
however, have tended to  d e te r io ra te  the p u b lic 's  im p lic it  f a i th  in  h igher 
educa tion . As a r e s u l t ,  i t  has become more d i f f i c u l t  fo r u n iv e r s i t ie s  
to  secure  f in a n c ia l  reso u rces. The fu tu re  su rv iva l of academic i n s t i t u ­
tio n s  may depend upon the  a b i l i ty  of management to ob tain  tim ely  inform a­
tio n  to  answer p e n e tra tin g  questions regard ing  the nature and o p e ra tio n s  
of the  u n iv e rs ity .
Although u n iv e r s i t ie s  may be unable to  a t t a in  the co rpo ra te  
le v e l  o f e ff ic ie n c y  by em ulating su ccess fu l business e n te rp r is e s ,  u n i­
v e r s i ty  lead ers  can b e n e f it  from the study and a p p lica tio n  of s e le c te d  
business e x p e rtise  to  the management o f academic in s t i tu t io n s .  A prime 
oppo rtun ity  fo r the t r a n s fe r a b i l i ty  of business ex p ertise  to  the  campus 
i s  the design and implementation of inform ation  systems. A management 
in form ation  system c o n s is ts  o f in p u t, d a ta  base, s im u la to r, r e t r i e v a l /  
form ating, and output subsystem s.
This resea rch  study i s  concerned p rim arily  w ith th e  s im u la to r 
subsystem and concen tra tes on the ev a lu a tio n  of cost inform ation  generated  
by computer sim u la tion  techniques. More s p e c if ic a lly ,  the  p r in c ip a l  
o b je c tiv e  of th is  study was to  determ ine i f :
The a p p lic a tio n  of computer sim ula tion  techniques to  a 
u n iv e rs ity  co s t model w i l l  generate  se lec te d  co st Inform ation 
which w il l  be u se fu l in  the u n iv e rs ity  decision  p rocess.
v i i i
ix
SimulaCion is Che process of represenCing some elemenCs of Che 
real world by symbols which may be easily manipulaCed Co calculaCe 
projecCed values of Chose elemenCs based upon some assumed change in 
Che sysCem. SimulaCion is noC iCself a model buC iC implies Che exist- 
ance or use of a model. Since a model is a symbolic absCracCion of Che 
sysCem under sCudy and simulaCion is noC a manipulaCion of Che sysCem 
iCself, Che researcher musC be exCremely careful in Che developmenc or 
selecCion of Che model Co be used in sysCem simulaCion.
AfCer subsCanCial secondary research and inCerviews wich 
selecCed adminisCraCors in higher educacion, iC was deCermined ChaC Che 
CosC EsCimaCion Model (CEM) developed by Che WesCern InCersCaCe Commis­
sion for Higher Educacion was sCrucCured Co Che universiCy environment. 
The CEM was CenCaCively selecCed for use in Chis research sCudy.
Model inputs were derived from data files supporting current 
accounting systems in Che selecCed universiCy environment. These data 
were used Co test the validity of CEM by comparative prediction in _a 
posteriori fashion. Instructional costs simulated with CEM were within 
six percent of actual operating costs incurred during the test period. 
These results were within acceptable validation control limits, and 
it was concluded that CEM accuracy was satisfactory for simulation pur­
poses.
A case study approach was used to determine Che value of 
simulated cost information for selected university policy decisions.
The use of CEM was limited to decisions regarding admissions, curriculum, 
and teaching load policies. CEM was used Co simulate cost information 
based upon various "What If...?" questions posed by university adminis­
trators. This information was formated and outputed in the form of
d is c ip l in e ,  degree program, departm ent, and campus re p o r ts .
U n iv ers ity  decision-m akers used se le c te d  key v a ria b le s  from CEM 
re p o r ts  fo r p i lo t  po licy  d e c is io n s . Leaders in  h igher education a t  
n a tio n a l ,  s t a te ,  and u n iv e rs ity  le v e ls  c ite d  the value of such cost 
in form ation  fo r se lec te d  po licy  d ec is io n s . Model v a l id i ty  and user 
support demonstrated th a t  sim ulated cost inform ation i s  usefu l in  the 
u n iv e rs ity  d e c is io n  p rocess .
A decision-m aker should have the c a p a b il i ty  o f in v es tig a tin g  
the  source im p lica tio n s o f output a l te rn a t iv e s ,  bu t in stead  i t  i s  
necessary  to  base h is  experim ents on inpu t m o d ifica tio n s . Further 
re sea rch  i s  needed to  develop o u tp u t-o rien ted  sim u la tion  models. Never­
th e le s s ,  s im u la tion  w il l  play an im portant ro le  in  generating  the tim ely 
in fo rm ation  requ ired  by u n iv e rs ity  management to  improve decision-making 
perform ance.
CHAPTER I
INTRODUCTION
I t  has o ften  been sa id  th a t  "The only th in g  constan t i s  change." 
This is  e sp e c ia lly  true  of the second h a lf  of the  tw en tie th  century  
during which rap id  change has become the b asic  c h a ra c te r is t ic  in  a l l  
areas of human endeavor. The rush of tech n o lo g ica l advances sweeps 
away the old technology and makes many p ro d u cts , p rocesses , and systems 
obso lescen t from the  moment they are  conceived. The development and 
a p p lic a tio n  of the e le c tro n ic  computer has had a most profound e f fe c t  
on human endeavor in  recen t y e a rs . Die v a s t  inform ation s to rage  and 
p rocessing  c a p a b il i t ie s  of th is  device have e i th e r  caused or made 
p o ss ib le  many of the changes and achievements in  government, sc ience , 
busin ess , education , and o ther a re a s . The p o te n t ia l  va lue of the 
e le c tro n ic  computer in  the d ec is ion  p ro cess , however, has b a re ly  been 
tapped by e i th e r  p ro f i t  o r n o t - fo r -p r o f i t  organizations.^*
An im portant ju s t i f i c a t io n  fo r  the  ex is ten ce  of the accounting
d is c ip lin e  is  i t s  a b i l i ty  to  provide in form ation  th a t  i s  u se fu l fo r
2decision-m aking purposes. The ro le  of accounting in  management 
inform ation  systems has been tre a te d  thoroughly  in  an e a r l i e r  research
1
A rec en t book th a t  explores th e  pervasive  e f f e c t  of the computer 
onithuman endeavor I s  John Diebold, Man and the  Computer: Technology as 
an Agent o f Social Change (New York: F. A. F raeger, I n c . ,  1969).
2American Accounting A sso c ia tio n , Committee to  Prepare a S ta te ­
ment of Basic Accounting Theory, A Statem ent of Basic Accounting Theory 
(Evanston, I l l i n o i s :  American Accounting A ssoc ia tion , 1968), p . A.
1
3 4 5study . D ecision models and computer sim ula tion  techniques to  be
app lied  in  t h i s . research  study may be c la s s i f ie d  as su b -se ts  of the 
broad f ie ld  of management inform ation  systems.**
There a re  su b s ta n tia l  d iffe ren c e s  between business e n te rp r is e s  
and u n iv e r s i t ie s .^  The s im i la r i t i e s  among ind iv idua l u n iv e r s i t ie s ,  
however, s u b s ta n t ia l ly  exeeed th e i r  d if fe re n c e s . I t  appears appro­
p r ia te ,  th e re fo re , to  r e f e r  to  The U n iv ers ity  fo r  purposes o f th is  
research  study.
Although the u n iv e rs ity  may be unable to  a t t a in  the le v e l of 
e ff ic ie n c y  achieved by co rpo ra tions by em ulating successfu l business 
e n te rp r is e s ,  u n iv e rs ity  decision-m akers and ad m in istra to rs  can b e n e f i t  
from the study and a p p lic a tio n  of se le c te d  business e x p e rtise  to  the 
management of academic in s t i tu t io n s .  A prime example o f the t r a n s fe r ­
a b i l i ty  of business e x p e rtise  to  the campus i s  th e  design and implementa 
t io n  of inform ation  systems fo r  more e f f i c ie n t  management of u n iv e rs ity
3
Gerald E. N ichols, "Hie Role of Accounting in  Management In fo r ­
mation Systems" (Unpublished Ph.D. D is s e r ta tio n , Louisiana S ta te  
U n iv e rs ity , 1967).
4
. American Accounting A ssoc ia tion , Committee on Managerial D ecision 
Models, "Report of the Committee on M anagerial Decision Models," The 
Accounting Review. Supplement to  Vol. XL1V, 1969, pp. 42-76.
^American Accounting A ssoc ia tion , Committee on the Role of the  
Computer in  Accounting Education, "Report of the Committee on the Role 
of the  Computer in  Accounting E ducation ,"  Hie Accounting Review. 
Supplement to  Vol. XLV, 1970, pp. .28-43.
^American Accounting A ssoc ia tion , Committee on Accounting and 
Inform ation Systems, "Report of the Committee on Accounting and In fo r ­
mation System s," The Accounting Review. Supplement to Vol. XLVI, 1971, 
pp. 286-350.
^James R. Surface, "U n iv e rs itie s  A re n 't  C orporations,"  Business 
H orizons. XIV (June, 1971).
a ffa irs .®
I t  is  the major premise of th is  resea rch  study th a t  the ap p lica ­
t io n  of computer sim ulation  techniques to  a u n iv e rs ity  co st model w i l l  
generate  se lec ted  cost in form ation  which w i l l  be u se fu l in  the u n iv e r­
s i t y  decision  process. The u n iv e r s i ty  d ec is io n  process c o n s is ts  of
(1) find ing  occasions fo r making a d e c is io n , (2) find ing  p o ssib le  courses
9
of a c tio n , and (3) choosing among courses o f a c tio n .
NATURE OF THE PROBLEM 
Academic in s t i tu t io n s  have many o b jec tiv es^  These goals e x is t  
in  the  minds of u n iv e rs ity  le a d e rs , f a c u l ty ,  s tu d e n ts , governmental 
bod ies , and the general p u b lic . G enerally  speaking, however, u n iv er­
s i t i e s  are p rim arily  concerned w ith  in s t ru c t io n ,  re sea rch , and pub lic  
se rv ic e . They are c u rre n tly  perform ing these  func tions in  the face of 
numerous challenging developments:
1. Increase in  volume o f a p p lic a tio n s  fo r  adm ission from the 
n a tio n 's  30,000 school d i s t r i c t s .
2. G reater com petition between u n iv e r s i t ie s  fo r  top s tu d en ts , 
fa c u lty , and s t a f f .
3. Increase in s iz e  of the  s tu d en t body a t  most u n iv e r s i t i e s ,  
p a r t ic u la r ly  in  upper d iv is io n s  and a t  graduate le v e ls .
4 . G reater complexity of s tu d en t and f in a n c ia l  recordkeeping 
and rep o rtin g .
5. Increased need to  j u s t i f y  and promote req u ests  fo r funds 
to  meet com petition fior funds w ith  o th er s t a te  agencies 
and p riv a te  o r g a n iz a t io n s .^
8Ib id . . p . 75.
9
Herbert A. Simon, The New Science of Management Decision (New 
York: Harper & Row, 1960), p . 1.
^ In te rn a t io n a l  Business M achines, P n lversltv -C o llege-In fo rm atlon  
Systems (White P la in s , New York: IBM C orporation , 1970), p . 1.
4The growth of the American u n iv e rs ity  in  th is  century has been 
sp e c ta cu la r and has now reached a po in t o f f in an c ia l c r i s i s  fo r those 
charged with managing th is  dynamic I n s t i tu t io n  o f higher e d u c a t io n .^  
Between 1965 and 1980 s tu d en t enrollm ents w ill  go from 5,920,000 to  an 
estim ated  12,000,000 in  u n iv e rs it ie s  and co lleg es; fa c u lty  w il l  in c rease  
from 400,000 to  over 745,000; and i t  is  estim ated th a t opera ting  expendi­
tu re s  in  u n iv e rs it ie s  and co lleg es w il l  increase  from $11.4 b i l l io n  to  
$28.5 b i l l io n  and to ta l  expenditures w i l l  expand from $15.2 b i l l io n  to  
$32.5 b i l l io n  during the dame time s p a n .^  Although these p ro je c tio n s  
do no t r e la te  the increases in  expend itu res to  the increases in  f a c u lty ,
i t  would be lo g ic a l  to assume th a t  a la rg e  po rtion  of the opera ting  expend-
13i tu r e s  may be ap p ro p ria te ly  termed In s tru c tlo n a l  C osts.
The p u b lic 's  im p lic i t  f a i th  in  higher education which has p rev ious­
ly  been an American hallm ark is  no longer as pervasive as i t  once was.
There can be few p a r t ic ip a n ts  in  h igher education today who do not re a l iz e  
th a t  the p u b lic 's  w illin g n ess  to support higher education is  becoming more 
and more c o n d itio n a l. In  order to  su rv iv e , the u n iv e rs ity  community more 
freq u en tly  i s  being asked to  provide much more d e ta ile d  accounts o f what 
i t  does and why. C urren tly , the genera l pub lic , governmental b o d ies , and 
u n iv e rs ity  lead ers  are  asking  some very penetra ting  questions regard ing  
the  na tu re  and operations o f u n iv e r s i t ie s  including:
1. Who is  e n t i t le d  to be adm itted to u n iv e rs it ie s?
**Earl F . C heit, The New D epression in  Higher Education (New York: 
McGraw-Hill Book Company, 1971).
12A lvin C. E urich, e d .,  Campus 1980 (New York: The D elacorte
P re s s , 1968), pp. 14-21.
13E arl F . C heit, 0&. C i t . ,  pp. 103-118.
2 . What degree programs should be o ffered  by u n iv e rs it ie s ?
3 . What are  ap p ro p ria te  fa c u lty  teaching loads in  u n iv e rs it ie s?
Such questions concern the b e n e f its  of h igher education  in  r e la ­
t io n  to  i t s  c o s ts . These questions s u b s ta n tia l ly  exceed the a b i l i ty  of 
most u n iv e rs ity  spokesmen and decision-m akers to  o f fe r  q u a n tita tiv e  
answers. As w i l l  be in d ic a te d  in  the scope se c tio n  of th is  chap ter, the 
u t i l i z a t i o n  of computer s im ula tion  modeling w ill  allow  u n iv e rs ity  
decision-m akers to  evaluate  rap id ly  the q u a n tita tiv e  aspec ts  of numerous 
a l te rn a t iv e s  includ ing  adm issions p o lic y , curriculum , and teaching load 
changes.
Bie cu rren t lack  of a b i l i ty  to  answer many of the im portant 
questions e x is ts  p rim a rily  because the measurement o f co st and perform­
ance in  h ig h er education  i s  somehow regarded as in a p p ro p r ia te .^  In fo r­
mation generated  by p ro p erly  s tru c tu re d  inform ation systems can play an 
im portant ro le  in  prov id ing  leg itim acy  to  the measurement of co st and 
performance in  academic in s t i tu t io n s .
U n iv e rs ity  lead e rs  must be provided w ith inform ation systems 
capable o f q u a n ti ta t iv e ly  t r a n s la t in g  the in te rn a l  goals and ob jec tives 
of the i n s t i t u t io n  in to  the requirem ents of the ou tside  world and v ice  
v e r s a . T h e  development and a p p lic a tio n  of com puterized. inform ation 
systems a re  requ ired  to  improve the management of u n iv e rs ity  resou rces. 
Unless such improvements a re  forthcom ing, we may a n tic ip a te  a s ig n if ic a n t
14The Ford Foundation, Task Force on Higher Education, Report on 
Higher Education (New York: The Ford Foundation, 1971), p . 36.
^ C h arle s  B. Johnson and W illiam 6 . Katzenmeyer, e d s . ,  Management 
Inform ation  Systems in  Higher Education: The S ta te  of the  A rt (Durham, 
North C aro lina : Duke U n iv e rs ity ,P re ss , 1969), p . 26.
d e te r io ra tio n  in  the  q u a lity  of h igher ed u ca tio n .^
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PURPOSE OF THE STUDY 
Although one may question  the p r i o r i t i e s  of u n iv e rs ity  leaders 
in  the a llo c a tio n  of scarce resources, the need fo r  more e f f ic ie n t  use 
of u n iv e rs ity  resou rces is  apparent to  most a d m in is tra to rs  in  h igher 
education  taday. The large  absolute and in c re a s in g  r e la t iv e  share of 
a v a ila b le  reso u rces requested by higher educa tion  sharpens com petition 
and focuses a t te n t io n  on the management of in s t i tu t io n s  o f h igher le a rn ­
in g . As in d ic a te d  by the increasing  number of u n iv e r s i t i e s  in  f in a n c ia l
d i f f i c u l t y , ^  th e re  e x is ts  a re a l need fo r  new s ty le s  of u n iv e rs ity  
18management.
There i s  l i t t l e  or no t r a d i t io n  of p ro fe s s io n a l m anagerial
techniques in  academic in s t i tu t io n s .  Although th e  planning-programming-
budgeting-system  (PPBS) is  being te s te d  in  se v e ra l u n iv e r s i t i e s ,  the
1 QPPBS system has n o t been w idely adopted by academic in s t i t u t io n s .  7 In  
a d d itio n , most u n iv e rs ity  decision  frameworks do no t include  in form ation  
generated by so p h is tic a te d  cost p ro jec tio n  tech n iq u es.
^ " S ta n s  Urges Broader Role fo r  Accountants in  Keynote Speech a t  
AAA Convention," (News R eport), The Journal of Accountancy. CXXXII 
(O ctober, 1971), pp. 9-10.
*^Earl F. C h e it, Loc. C it.
18A d isc u ss io n  of severa l cu rren t s ty le s  o f u n iv e rs ity  management 
may be found in  F rancis E. Rourke and Glenn E. Brooks, The M anagerial 
Revolution in  Higher Education (Baltim ore, Maryland: ’ The Johns Hopkins 
P re ss , 1966), pp. 101-122.
IQ
A thorough d iscussion  of the te s tin g  of PPBS in  h igher education 
may be found in  H o llice  H. Snyder, "Selected  A spects of a P lanning- 
Programming-Budgeting-System Related to the  A dm in istra tion  o f C o lleg ia te  
Education in  Texas" (Unpublished Ph.D. D is s e r ta t io n , Texas Technological 
U n iv e rs ity , 1971).
research  study Is  concerned w ith an eva lua tion  of the in te r ­
face between d ec is io n  models and computer s im ula tion  techniques fo r the 
genera tion  of the co st inform ation requ ired  fo r  the new s ty le  of manage­
ment needed in  the u n iv e rs ity  environment. More s p e c if ic a lly ,  the 
p r in c ip a l o b jec tiv e  of the  study is  to  determ ine i f :
The a p p lic a tio n  of computer s im u la tion  techniques to  a u n iv e rs ity  
co st model w i l l  generate  se lec te d  co st inform ation which w il l  be 
u se fu l in  the u n iv e rs ity  d ec is io n  p rocess .
Several fa c to rs  must be analyzed in  accomplishing th is  o b je c tiv e .
The major fa c tp rs  to  be considered in  th is  resea rch  study are l i s te d
t
below as supporting  phases of the resea rch  o b je c tiv e :
Ttye a p p lic a tio n  of computer sim u la tion  techniques to  a u n iv e rs ity  
co st model w il l  generate  se lec te d  co st inform ation which w il l  be 
u se fu l in  the u n iv e rs ity  d ec is ion  p rocess , i f :
1. D ecision models su b je c t to  computer sim ula tion  techniques can 
be p roperly  s tru c tu re d  to  the u n iv e rs ity  environment.
2. Necessary model inpu ts  can be derived from data f i l e s  support­
ing c u rre n t u n iv e rs ity  accounting system s.
3. Computer sim u la tion  of a u n iv e rs ity  c o s t model can accu ra te ly  
p ro je c t  fu tu re  c o s ts .
4 . Model sim u la tion  provides sim ulated co s ts  which decision-m akers 
a s s e r t  a re  u se fu l in  the u n iv e rs ity  d ec is io n  p rocess .
Although the  a v a i la b i l i ty  of sim ulated co st inform ation may not 
provide answers regard ing  the b e n e f its  o f h igher education , i t  w il l  . 
enable u n iv e rs ity  lead ers  to  o f fe r  q u a n ti ta t iv e  answers to  the  many pene­
t r a t in g  questions concerning co sts  of h igher education . More im portan tly , 
the a v a i la b i l i ty  of sim ulated in s tru c t io n a l  co s ts  should co n trib u te  to  
more e f f ic ie n t  management of u n iv e rs ity  re so u rces .
. Hie s im p lic ity  of the flow ch a rt provides a u se fu l communication 
device to  I l l u s t r a t e  how proven business e x p e r tis e  may be adapted from
the co rpora te  environment to  improve the inform ation a v a ila b le  fo r  the 
d ec is io n  process in  the u n iv e rs ity  environment. The network in  F igure X 
i l lu s t r a te s ’ how computer s im u la tio n  of a u n iv e rs ity  co s t model f i t s  in to  
the u n iv e rs ity  dec is io n  framework. This in te rfa c e  between d ec is io n  models 
and computer sim ulation  techniques should co n trib u te  to  more e f f i c ie n t  
management of u n iv e rs ity  re so u rce s .
Although the c o n s tru c tio n  and sim ula tion  o f dec is io n  models i s  
sometimes c r i t ic iz e d  because the process of a b s tra c tio n  may d r a s t ic a l ly  
s im p lify  the problem and overlook s ig n if ic a n t  underly ing  fa c to rs  o r d i f ­
f i c u l t i e s ,  numerous examples of su ccessfu l business ap p lica tio n s  can be 
c ite d . A fte r a l l  the t e s t  o f  success i s  no t whethemmathematicalianddils 
are  the p e rfe c t answers to  the m anager's needs, bu t whether such models 
provide b e t te r  answers than would have been achieved v ia  a lte rn a tiv e  
techniques.^®  In  higher education  the  use o f s im u la tion  models to  p re ­
ven t p lanning e rro rs  which would be f e l t  fo r  decades could save s ig n i f i -
21can t amounts of resources in  terms o f tim e, personnel, and d o l la r s .
RESEARCH METHODOLOGY
The major fa c to rs  to  be considered in  th is  research  study are  
dependent upon the b a s ic  lo g ic  s tru c tu re  s ta te d  in  the preceding se c tio n . 
In  conform ity with th is  network, the  research  p lan  inc ludes:
1. A comprehensive review of the l i t e r a tu r e  r e la te d  to r
a . The u n iv e r s i ty  environm ent.
20American Accounting A ssoc ia tion , Committee on M anagerial D ecision 
K odels, 0j». C i t . , p . 45.
21John Minter and Ben Lawrence, e d s .,  Management Inform ation Systems 
T heir Development and Use in  the  A dm inistra tion  of Higher Education 
(B oulder, Colorado: W estern I n te r s t a te  Commission fo r  Higher Education,
1969), p . v i i l .
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b. Decision models
c. Computer sim ula tion  techniques.
2. The computer s im ula tion  of a u n iv e rs ity  cost model to  pro­
je c t  fu tu re  c o s ts , and ap p ro p ria te  an a ly sis  to  determine 
th e i r  v a l id i ty .
3 . A case study a t  a se le c te d  academic in s t i tu t io n ,  The Uni­
v e rs i ty  of Tennessee a t  N ash v ille . Cost inform ation produced
by model sim ulation  w il l  provide the b asis  fo r  exploring and 
evaluating  p o s s ib i l i t i e s  o f using  sim ulated co st data in  the 
u n iv e rs ity  decision  p rocess .
A comprehensive review of the l i t e r a tu r e  w il l  involve secondary 
research  of m ate ria ls  published by genera l pub lish ing  companies, the 
accounting p ro fession , leading  u n iv e r s i t ie s ,  and se lec ted  education- 
re la te d  o rg an iza tio n s. The o b jec tiv e  of th is  research  i s  to  provide a 
sound foundation fo r  the prim ary research  which i s  to  follow .
Sim ulation models a re  designed and used w ith a goal of lea rn in g  
about a process or a system. But, a model is  a symbolic a b s tra c tio n  of 
the  system under study and sim u la tion  i s  not a m anipulation of the system 
i t s e l f .  The modeler, th e re fo re , must be extrem ely ca re fu l in  the s e le c ­
tio n  of the model to be used in  sim u la tio n  of the system. A fte r sub­
s t a n t i a l  secondary research  and inform al In terv iew s with se lec ted  u n iv e rs ­
i t y  ad m in is tra to rs , the Cost E stim ation  Model (CEM) developed by the
W estern I n te r s ta te  Commission fo r  Higher Education (WICHE) was se lec te d
22fo r  use in  th is  research  p ro je c t.
The sim ulation  model should be used to  analyze one s i tu a t io n  a t  
a time o r to  p ro je c t the impact of one contemplated a lte rn a t iv e  a t  a 
tim e. I f  the model u ser e le c ts  to  change many param eters or aspec ts  of
22Robert A. Huff, Overview of the Cost E stim ation  Model (Boulder, 
Colorado: Western In te r s ta te  Commission fo r  Higher Education, 1971).
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the I n s t i tu t io n a l  o p era tio n  during a sin g le  computer i t e r a t io n ,  the o u t­
put of th a t s im ula tion  w ill  r e f le c t  the combined impact of a l l  the changes 
working to g e th er and i t  w il l  be v i r tu a l ly  im possible to  s o r t  out the 
s e n s i t iv i ty  of the in s t i tu t io n  to  any sp e c if ic  a l t e r a t io n .  The sim ula tion  
e f fo r ts  undertaken in  th is  research  study, th e re fo re , w i l l  be concerned 
p rim a rily  w ith d is c re te  changes re la te d  to  se lec te d  d e c is io n  a reas in c lu d ­
ing admissions p o lic y , curriculum , and teaching load changes.
The value of in form ation  generated by computer sim u la tion  depends 
upon i t s  congruence w ith r e a l i t y .  V alida tion  of sim u la tio n  r e s u l t s ,  
th e re fo re , i s  an im portant fa c to r  in  determ ining the e x te n t to  which 
management should re ly  upon sim ulated inform ation as a b a s is  fo r  decision - 
making in  the u n iv e rs ity  environm ent.
V a lid a tio n  " is  the process of bu ild ing  an accep tab le  le v e l of
confidence th a t an in ference  about a sim ulated process i s  a c o rre c t or
23v a lid  in ference  fo r  the a c tu a l p ro cess ."  Although v a lid a t io n  could be
accomplished by comparing sim ulated inform ation w ith rea l-w o rld  informa­
tio n  generated by fu tu re  opera tions of the o rg an iza tio n , th is  fu tu re -  
o rien ted  approach i s  im p rac tica l fo r  purposes of th is  resea rch  study. 
T herefore , the a l te rn a t iv e  procedure i s  _a p o s te r io r i  v a lid a t io n  of the 
sim u la tion  model by comparative p re d ic tio n . B a s ic a lly , th is  v a lid a tio n  
procedure is  to  use the  sim u la tion  model to  p re d ic t  annual opera ting  costs  
fo r  previous periods and to  compare the p red ic ted  c o s ts  w ith  the  ac tu a l 
c o s ts  incurred  during those same time p e rio d s .
V a lid a tio n  of s im u la tion  r e s u l ts  is  an im portant fa c to r  in  a
sim u la tion  p ro je c t .  I t  is  equally  Im portant th a t in fo rm ation  generated
23Richard L. Van Horn, "V alida tion  of S im ulation R e su lts ,"  Manage­
ment Science. XVII (January , 1971), p . 247.
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by model sim u la tion  co n tr ib u te  to  more e f f i c ie n t  management of u n iv e rs ity  
reso u rces. To acoomplish th is  goa l, model sim ula tion  must generate  the
kinds of Inform ation requ ired  fo r p a r t ic u la r  d e c is io n s . As a p a r t  of the
I
case study , personal in terv iew s w ith se le c te d  u n iv e rs ity  decision-m akers 
and a d m in is tra to rs  w il l  serve as a b a s is  fo r  determ ining p o te n t ia l  u se fu l­
ness of cost Inform ation generated  by computer sim u la tion .
SCOPE AND LIMITATIONS OF THE STUDY 
This resea rch  study w il l  be p rim a rily  concerned w ith c o s t in fo r ­
mation in  an in s t i tu t io n a l  environm ent. More s p e c i f ic a l ly ,  i t  w i l l  be 
lim ited  to  a study of co st inform ation in  an academic in s t i t u t io n .  
Furtherm ore, th is  study w il l  be lim ite d  to  the use of a model fo r  the 
sim ula tion  of in s t ru c t io n a l  co sts  fo r  decision-m aking purposes on a 
se lec te d  u n iv e rs ity  campus.
As mentioned in  a previous se c tio n , the questions confron ting  
u n iv e rs ity  lead e rs  a re  v i r tu a l ly  l im i t l e s s .  They a re  encountered by 
lead ers  a t  the  departm ent, school, and campus le v e ls . Although a model 
may be designed to  provide sim ulated answers to  numerous q u estio n s , the 
co st model used in  th is  resea rch  p ro je c t  w i l l  be concerned p rim a rily  
w ith a s s i s t in g  u n iv e rs ity  decision-m akers answer only c e r ta in  kinds of 
"What I f . . . ? "  q u es tio n s . Some of the most c r i t i c a l  academic questions 
r e la te  to  adm issions p o lic y , curricu lum , and teach ing  load changes. This 
resea rch  study , th e re fo re , w i l l  be lim ite d  to  model sim u la tion  dealing  
w ith questions which f a l l  in to  these  major management d ec is io n  a reas in  
the u n iv e rs ity  environm ent:
1. Admissions P o licy  Change A nalysis.
What i f  the  in s t i tu t io n  experiences an increase  in  e n ro l l ­
ments? What w il l  be the impact in  terms of in s tru c t io n a l  
co sts?
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2. Curriculum Change A nalysis.
What I f  a new graduate degree program I s  added? What w il l  
be the  Impact In terms of In s tru c tio n a l  costs?
3. O perational Param eter Change A nalysis.
What I f  there  Is  an in c rease  in  fa c u lty  teach ing  loads?
What w il l  be the  Impact In  terms of In s tru c tio n a l  costs?
Several d i f f e r e n t  co st concepts are  d iscussed  In the l i t e r a tu r e .
The d ec is io n  model used must generate  the type co sts  most app rop ria te
fo r  the d ec is io n  environment to  be analyzed. The CEM has been se lec ted
fo r  use in  th is  research  p ro je c t .  Although the CEM has the c a p a b ili ty
fo r  ab so rp tion  co s tin g , i t  i s  p rim a rily  concerned w ith in s tru c t io n a l
24costs  of a d ir e c t  or support n a tu re  in  academic in s t i tu t io n s .  The
CEM concen tra tes on modeling the in s tru c t io n  fu nc tion  of the u n iv e rs ity
and only ra th e r  perfuncto ry  trea tm ent i s  given to  estim ating  the costs
of research  and pub lic  se rv ice  a c t i v i t i e s .  Since the la rg e s t  s in g le
co st o f in s t ru c t io n  is  fa c u lty  s a la r ie s ,  the model focuses on p ro jec tin g
25th is  element of u n iv e rs ity  c o s t.
The CEM i s  an enrollm ent d riven  model which p ro je c ts  co sts  and 
personnel requirem ents fo r  in s tru c t io n  fo r  as many as f iv e  years ahead 
on the  b asis  of a s e t  of u se r se le c te d  planning param eters during a 
s in g le  computer p rocessing  ro u tin e . Crude estim ates o f prim ary program 
co sts  o th er than in s tru c t io n  and v a rio u s  support co sts  a re  a ls o  provided. 
Computer p r in to u ts  d isp lay  resource  requirem ent p ro je c tio n s  fo r  both 
personnel and c o s ts , and u n it  c o s t d a ta  per c re d i t  hour in  r e la t io n  too
24A complete c la s s i f ic a t io n  of academic expenditures may be found 
in  College and U n iv e rs ity  Business A dm in istra tion  (Washington: American
Council on Education, 1968).
25E arl F. C h e it, 0|>. C i t . , pp. 103-118.
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d is c ip l in e s ,  degree programs, and o rg an iza tio n a l u n its  of the u n iv e rs ity .
Although the CEM Is a general purpose u n iv e rs ity  co st model cap­
ab le  of being used In computer sim ula tion  of any u n iv e rs ity  system, th is  
resea rch  p ro je c t w il l  be lim ited  to  using the  model to  sim ulate  in s tru c ­
t io n a l  co sts  fo r  decision-m aking purposes on a se lec ted  u n iv e rs ity  
campus. This case study of the School of Business a t  the  U n iv e rs ity  of 
Tennessee a t  N ashville  w il l  use data derived from the U n iv e rs ity  account­
ing system to  d rive  the sim u la tion  model. An IBM System/360 Model-40 
w il l  be used fo r  processing  thew sim ulation model.
CONTRIBUTIONS OF OTHER RESEARCHERS 
Numerous d is s e r ta t io n s  have been w r itte n  dealing  w ith  such to p ics  
as budgeting, co st accounting, and inform ation systems in  both p r o f i t  and 
n o t- fo r -p ro f i t  environm ents. A thorough review of D is s e r ta tio n  A b s tra c ts , 
however, did  no t rev ea l any previous d is s e r ta t io n s  w r it te n  on an evalua­
t io n  of the  use of sim ulated in s tru c t io n a l  co sts  fo r  se le c te d  u n iv e rs ity  
26p o licy  d ec is io n s . A review of the  l i t e r a tu r e  proved more f r u i t f u l  and
revealed  sev era l rec en t developments in  com puter-assisted  u n iv e rs ity
management. I t  revealed  b asic  research  performed by sev era l in d iv id u a l
27academic in s t i tu t io n s ,  a few n a tio n a l CPA firm s, and WICHE.
Although the  WICHE p ro je c t  was the f i r s t  e f f o r t  to  a t t r a c t  n a tio n a l
26A thorough d iscu ssio n  o f t r a d i t io n a l  approaches to  estim ating  
in s tru c t io n a l  c o a ts , however, may be found in  W illiam E. McTeer, "A 
C r i t ic a l  A nalysis of C urrent Methods fo r E stim ating In s tru c t io n a l  Salary  
Costs in  Long-Term Budgets fo r  the Small, P riv a te  College" (Unpublished 
Ph.D. D is s e r ta tio n , U n ivers ity  of M issouri, 1969).
27A concise o u tlin e  o f rec en t developments in  com puter-assisted  
u n iv e rs ity  management techniques may be found in  Juan A. Casasco,
Planning Techniques fo r  U n iv e rs ity  Management (Washington: American
Council on Education, 1970).
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28I n te r e s t ,  ad m in istra to rs  a t  sev e ra l lead ing  u n iv e r s i t ie s  have recognized
th a t  even tually  they w il l  have to  get in to  some m athem atical or computer
sim ula tion  modeling to  so lve many of t h e i r  probihems in  the academic,
29f in a n c ia l ,  and space u t i l i z a t i o n  a re a s . The WICHE o rg an iza tio n  has 
become a focus of in te r - in s t i tu t io n a l  exchange of inform ation , and th e i r  
p u b lic a tio n s  and tra in in g  sem inars have id e n t i f ie d  u se fu l work occurring  
throughout the academic community.
WICHE is  providing a needed n a tio n a l o u t le t  fo r  th e  d e s ire  o f the 
h igher education  community to  b u i ld i i t s  own problem -solving c a p a b i l i t ie s .  
The WICHE o rgan iza tion  i s  considered  by many systems a u th o r i t ie s  to  be 
the major source of most c re a tiv e  developments in  management in form ation  
systems fo r  in s t i tu t io n s  of h igher education  in  rec en t y e a rs . An e x c e ll­
en t example o f such a development i s  the rec en t form ation of the N ational
30Center fo r  Higher Education Management Systems (NCHEMS) a t  WICHE.
Although most previous developments may be c la s s i f ie d  as basic  resea rch ,
the c re a tiv e  ideas generated by WICHE w i l l  provide the b asic  foundation
31fo r  th is  o pera tiona l type research  p ro je c t .
28James Farmer, An Approach to  Planning and Management Systems 
Im plementation (Los Angeles: C a lifo rn ia  S ta te  C olleges, 1971), p . 4 .
29L e tte r  to  Dr. Paul W. M u rr i l l ,  P rovost, from Dr. C larence L. Dunn, 
A ss is ta n t Vice C hancellor, Louisiana S ta te  U n iv e rs ity , Baton Rouge, June 
30, 1971.
30Ben Lawrence, "The N ational C enter fo r  Higher Education Management
Systems a t  WICHE: I t s  Nature and Scope" (A paper read a t  the  E valuation
Conference on I n s t i tu t io n a l  Management in  Higher Education a t  the Centre 
fo r  E ducational Research and Innovation , P a r is ,  France, November, 1971).
31George B. Weathersby and M ilton  C. W einstein , A S tru c tu ra l Com­
parison  of A na ly tica l Models fo r  U n iv e rs ity  Planning (B erkeley, C a lifo rn ia :
U n ivers ity  o f C a lifo rn ia , 1970), p . 8 .
CONTRIBUTIONS OP THE STUDY 
The l a t e s t  theory monograph published  by the American Account­
ing A ssociation  conceived th a t :
A fu tu re  accounting system could Include as accounting inputs 
a l l  q u a n tita tiv e  data gathered  fo r  whatever purposes and as 
accounting outputs a l l  In te rn a l re p o r ts  fo r  p lann ing , d ire c tin g  
and c o n tro llin g  purposes, as w ell as the  b a s ic  pub lic  s ta te m e n ts .J
In  l in e  w ith th is  view, a rec en t a r t i c l e  s ta te d  th a t  members of the
accounting p ro fession  must know how to  fuse  the p r in c ip le s  of modern
accounting, e le c tro n ic  data p ro cess in g , and opera tions research  so th a t
the  q u a lity  of inform ation provided management w i l l  allow them to  b e t te r
33perform  th e i r  decision-m aking fu n c tio n s .
The American Accounting A sso c ia tio n  contends th a t  the  a tta inm ent
of the goals ofi> the< accounting ptoftSflio*!'3riii ;r*quire  research  which
in v e s tig a te s  the in te r re la t io n s h ip s  of the d ec is io n  models o f the u se rs
with the natu re  and form of the in fo rm ation  req u ire d . In  a d d itio n , the
same re p o rt in d ica ted  th a t the  em p irica l study of a l l  inform ation  flows
w ith in  an o rgan iza tion  would provide a s ta r t in g  p o in t fo r  the a t t a in -
34ment of the s ta te d  o b jec tiv es  6f the accounting p ro fe ss io n .
The in te rd is c ip l in a ry  n a tu re  of th is  research  study w il l  in te r fa c e  
the d isc ip lin e s  which provide the foundation  fo r  the accounting p ro fess io n . 
In  ad d itio n , a comprehensive em p irica l study  of the  inform ation flows in  
the se lec ted  academic in s t i tu t io n  w i l l  be performed p repara to ry  to
32American Accounting A sso c ia tio n , Committee to  Prepare a Statem ent 
of Basic Accounting Theory, Ojj. C i t . , p . 67.
33Grover L. P o rte r , "O rganization  fo r  Third G eneration C o n tro lle r-  
sh ip ,"  F inancia l E xecutive . XXXVII (A p ril, 1969), p . 41.
34American Accounting A sso c ia tio n , Op. C i t . ,  pp. 70-71.
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sim ula tion  of the cost model. The computer s im ula tion  of the se lec te d  
cost model w i l l  generate  Improved co st Inform ation fo r  use by campus 
lead e rs  In th e  u n iv e rs ity  d ec is io n  p rocess .
To the  ex ten t th a t  th is  research  study provides Inform ation which 
w ill  improve the  decision-m aking performance of any manager, i t  c o n tr i ­
butes toward the  a ttainm ent of the o b jec tiv e s  of the accounting p ro fe s ­
s io n . In  a d d itio n , the r e s u l ts  of th is  resea rch  p ro je c t  w ill  a s s i s t  
persons perform ing management task s in  the  a d m in is tra tiv e  realms of 
h igher education . The lead ersh ip  ta sk s  of management ad m in istra to rs  in
h igher education  have been tre a te d  thoroughly in  an e a r l i e r  research  
35study . This study , however, w i l l  a lso  b e n e fit  ad m in is tra to rs  perform­
ing such lead ersh ip  fu n c tio n s . In  g enera l, the  measured performance of 
management lead ers  should improve as a r e s u l t  o f more e f f ic ie n t  manage­
ment of u n iv e rs ity  reso u rces .
PREVIEW OF THE STUDY 
Chapter One presen ted  an in tro d u c tio n  of the problem to  be 
in v e s tig a te d  in  th is  resea rch  study . The na tu re  of thenpooblem and the 
purpose of the research  p ro je c t  were s ta te d . In  a d d itio n , the n a tu re  of 
the  d ec is io n  process in  u n iv e r s i t ie s  and i t s  re la te d  problems were d is ­
cussed; the sp e c if ic  approach to  so lv ing  the problem was s ta te d ;  and 
the  c o n tr ib u tio n  of th is  research  study was p resen ted .
The second chap ter examines c h a ra c te r is t ic s  of the u n iv e rs ity  
environm ent. The n a tu re  of the  u n iv e rs ity , the  u n iv e rs ity  decision
35Samuel A. H yatt, "A Behavioral Study of Management and Leadership 
in  Higher Education" (Unpublished Ph.D. D is s e r ta tio n , Ohio S ta te  Univer­
s i t y ,  1969).
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framework, and the u sefu lness of co st Inform ation In  the u n iv e rs ity  en­
vironment is  examined.
Chapter Three p resen ts  a d iscussion  o f d ec is ion  models and com­
p u ter sim ulation  techniques. H iis ex p o sitio n  includes a d iscussion  of 
models, model b u ild in g , and model v a lid a tio n . In  a d d itio n , th is  chapter 
considers computer sim ulation  techniques and the ro le  of model sim ula tion  
in  the u n iv e rs ity  decision  p rocess.
In  Chapter Four the exact na tu re  of the c o s t model used in  th is  
research  p ro je c t i s  s e t  fo r th . The ex p o sitio n  in  th is  chapter includes 
a d iscussion  of how the CEM model works. A general flow diagram of the 
CEM model is  p resen ted  and analyzed.
Chapter Five is  concerned w ith the  use of the cost model in  an 
ac tu a l u n iv e rs ity  environment. Hie CEM model is  used to  sim ulate in ­
s tru c tio n a l  co sts  fo r  use in  the u n iv e rs ity  d ec is io n  p rocess . In terv iew s 
w ith se lec ted  WICHE and u n iv e rs ity  ad m in istra to rs  provides the  b a s is  fo r  
exploring  and eva lua ting  the p o s s ib i l i t i e s  of u sing  sim ulated c o s t 
inform ation in  the u n iv e rs ity  decision  p rocess .
The s ix th  chapter summarizes the accomplishments of the research  
study, po in ts  out the l im ita tio n s  of the study, and d iscusses b r ie f ly  
sp e c if ic  experiments wherein the CEM model was used during the research  
p ro je c t.  In  ad d itio n , th is  chap ter proposes d ire c tio n s  fo r  fu tu re  research  
in  the area o f u n iv e rs ity  sim ulation  modeling.
CHAPTER I I
CHARACTERISTICS OF THE UNIVERSITY ENVIRONMENT
Some businessmen b e liev e  th a t  u n iv e r s i t ie s  would be run more 
e f f ic ie n t ly  i f  they copied corpora te  management teahniques. Although 
th e re  i s  some m erit to  th is  b e l i e f ,  the u n iv e r s i ty 's  param eters and con­
s t r a in t s  d iffer< -in  many re sp e c ts  from those of the business co rp o ra tio n . 
T herefore, the  conversion o f the co llege  campus to  the business corpora­
t io n  can never be complete.'*'
Although the u n iv e rs ity  may never a t t a in  the e ff ic ie n c y  le v e l of 
the business co rp o ra tio n , se lec te d  business e x p e rtise  should promote 
more e f f i c ie n t  management of u n iv e rs ity  reso u rces . In  o rder to  compre­
hend the e x te n t to  which business e x p e rtis e  can co n trib u te  to  improved 
u n iv e rs ity  management, i t  i s  f i r s t  necessary  to  have a b a s is  understand­
ing of the un iversity 'econom ic  environm ent. In  th is  chap ter, th e re fo re , 
the uniqueness o f th e  u n iv e rs ity  w i l l  be viewed in  regard  to  na tu re  of 
the u n iv e rs ity , u n iv e rs ity  d ec is io n  framework, and u se fu ln ess  o f account­
ing inform ation in  the u n iv e rs ity  environm ent.
NATURE OF THE UNIVERSITY 
U n iv ers ity  o b jec tiv e s  a re  o ften  no t w ell de fined . Only in  recen t 
years have u n iv e r s i t ie s  begun to  apply the  concept of management by
^James R. S urface, "U n iv e rs itie s  AreAAt C orpora tions,"  Business 
H orizons. XIV (June, 1971), p . 75.
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o b je c tiv e s . In  a d d itio n  to  a d iscussion  of u n iv e rs ity  o b je c tiv e s , th is  
se c tio n  w ill  consider functions of the u n iv e rs ity  and fu tu re  d ire c tio n s  
fo r  the u n iv e rs ity .
O bjectives of the  U n iv e rs ity
The u n iv e rs ity  since  i t s  in cep tio n  has had the primary ob jec tiv e
of conserving, augmenting, and prom ulgating h igher knowledge. As such,
the u n iv e rs ity  is  a c re a tio n  of the Middle Ages. The concept of a 
c o lle c tio n  of m asters and scho lars rep re sen tin g  a l l  f ie ld s  of knowledge 
would have been as untendable to  the  Greeks and Romans as the notions of 
fixed  time periods of study , exam inations, and degrees. I t  i s  d i f f i c u l t
to  tra c e  the beginnings of th is  o b je c tiv e , but the  reco g n itio n  of th is
o b jec tiv e  seems to have accompanied the in f lu x  of new mathem atics, 
Euclidean geometry, the  works of A r is to t le ,  Ptolemy, and the Greek phy­
s ic ia n s  and the  te x ts  of Roman law between 1100 and 1200.
With th is  o b je c tiv e , the u n iv e rs ity  was able to  break the bonds 
of m onastic and ca th ed ra l schools th a t  were s t i l l  committed to  the f i f t h -  
century  concept of the trib ium  (grammar, r h e to r ic ,  and lo g ic ) and the 
quadrivlum (geometry, a r ith m e tic , astronomy, and m usic), The acceptance 
of th is  o b jec tiv e  enabled the u n iv e rs ity  to  serve as the  p o r ta l  of en try  
to  a l l  learned  p ro fessio n s (law , m edicine, and theology) and gave the  
u n iv e rs ity  the power to  decide what would be taught in  p rep a ra tio n  fo r  
those p ro fe ss io n s . Even in  re l ig io u s  education , Rashdall re p o rts  th a t  
"although a la rge  segment of s tu d en ts  of the a r t s  en tered  the c le rg y , 
the b asic  a r t s  provided n ea rly  no th eo lo g ica l tra in ln g -e x ce p t in so fa r  as 
i t  taught studen ts to  construe th e i r  b rev ia ry  and read in  L a tin .
2H astings R ashdall, The U n iv e rs itie s  of Europe in  the  Middle Ages 
(Hew York: Oxford U n iv e rs ity  P re ss , Vol. 3 , 1936), pp. 449-50.
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A c o l la te r a l  o b jec tiv e  of the u n iv e rs ity  has been to  provide an 
academic environment fo r  the secure and p leasu rab le  p u rsu it  of knowledge. 
The medieval u n iv e rs ity  i s  freq u en tly  thought of as a p lace  where fa c u lty  
and s tuden ts met and in  a solemn, almost m onastic manner approached the 
m ysteries of knowledge. The fo l ly  of th is  assum ption becomes eviden t 
when we see the major impact of the tav e rn s , banquets, loans , housing, 
c lo th in g , and o th er fa c to rs  oh the l i f e  of the  m asters and sc h o la rs . 
P ra c tic a l  economics, sp e c ia l tax  exemptions, and re n t  s t r ik e s  were a l l  a 
p a r t  of th is  environment.
In  medieval tim es, d ress , o a th s , customs, t i t l e ,  exclusive  use 
of L a tin , and degrees supported the mystery or b e l ie f  in  the so c ia l  m iracle
q
ca lle d  the u n iv e rs ity . The a ffirm a tio n  of the v a l id i ty  of the m iracle
could be found in  the educated e l i t e  who emanated from u n iv e r s i t ie s  to
assume lead ersh ip  p o s it io n s . F u rther support of the a u th o r ity  appears in
a la rg e  number o f sp e c ia l p r iv ile g e s  accorded the u n iv e rs i ty . Such th ings
as separa te  ju d ic ia l  system s, r ig h ts  to  se lf -d e te rm in a tio n , and academic
freedom were an in te g ra l  p a r t  of the  medieval u n iv e rs i ty . H isto ry  is
a lso  fraugh t w ith  numerous and sometimes extrem ely v io le n t  co n fron ta tions
of town and gown, w ith the  u n iv e rs ity  g en era lly  emerging as an a u th o ri-
4
ta r ia n  v ic to r  and w ith  re s u l ta n t  penance being paid  by the town.
The modern u n iv e rs ity  attem pts to  f u l f i l l  the  same b asic  o b jec tiv e  
of conserving, augmenting, and prom ulgating h igher knowledge. *n a d d itio n , 
there  .is considerab le  evidence th a t the c o l la te r a l  o b jec tiv e s  of a proper
^Fyodor Dostoyevsky, The B rothers Karamazov (New York: Random
House, 1950), pp. 292-314.
^H astings R ashdall, 0j>. C i t . . p . 101.
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environment and the maintenance of the mystery and m iracle  have not been 
d iscarded . Obviously, there  a re  g rea t d iffe ren c e s  in  the sp e c if ic  means 
by which we define  and pursue these  o b je c tiv e s . These d iffe ren c e s , how­
ev er, tend to  be more in  the l e t t e r  than in  the s p i r i t  o f the u n iv e rs ity .
The American u n iv e rs ity , which rep re se n ts  the most ra d ic a l break 
w ith  the p a s t, s t i l l  a ttem pts to  provide an a l l  knowledge curriculum  
and frequen tly  rushes to  provide ex o tic  o ffe r in g s . The fa c t  th a t  the  
u n iv e rs ity  in  America has been promoted d e lib e ra te ly  as a so lu tio n  to  
every man's problems has a c tu a l ly  increased  i t s  a u th o r ity . The land- 
g ran t a c t  provided a g r ic u l tu ra l  and mechanical tra in in g  under the ausp ices 
o f the u n iv e rs ity  and led  to  the ensuing system of providing u n iv e rs ity  
degrees in  n early  any imaginable f ie ld  of endeavor.
The ways in  which the  u n iv e rs ity  i s  used have changed s ig n if ie  
c an tly . The o v e ra ll or c o l la te r a l  o b jec tiv e s  of the American u n iv e rs ity  
today, however, is  c lo se ly  comparable to  those of the medieval u n iv e rs ity . 
There i s  growing sen tim ent, however, fo r  to ta l  reform  of u n iv e rs ity , 
o b jec tiv e s  and programs.^
Functions of the University
The u n iv e rs ity  of today i s  notably  un like  i t s  medieval coun ter­
p a r t  in  fu n c tio n a l s p e c i l iz a tio n  and d i f f e r e n t ia t io n .  The s tru c tu re  
i l lu s t r a te d  in  F igure I I  suggests the  re la tio n sh ip s  in  the fu nc tiona l 
u n iv e rs ity  environment encountered in  h igher education  in  America. The 
primary o b jec tiv e  o f conserving, augmenting, and prom ulgating knowledge 
i s  served by the fa c u lty  through th e  th ree  d i r e c t  functions labeled
'’Betsy Simons, "T o ta l Undergraduate Academic Reform C onsidered," 
U n ivers ity  o f North C arolina R eport. XVIII (December, 1971), p . 6 .
FIGURE I I  
FUNCTIONS OF THE UNIVERSITY
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Higher Education: the S ta te  o f the A rt (Durham, North C arolina: Duke U n iversity
P ress , 1969), p . 9. rou>
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In s tru c t io n . R esearch, and Public S erv ice . Although these functions may 
be id e n tif ie d  and sp e c ia l a c t iv i t ie s  can, in  p a r t ,  be c la s s i f ie d  under 
each one, the fu n c tio n a l d if f e r e n t ia t io n  i s  q u ite  incomplete from an 
o rg an iz a tio n a l s tan d p o in t. The d i r e c t  ed u ca tio n a l functions o f the 
u n iv e rs ity  may be defined in  the follow ing manner:
1. In s tru c tio n  is  defined as the m ethodical im parting of know­
ledge through an a c tiv e  process invo lv ing  teachers and 
s tu d e n ts , re s u ltin g  when su ccess fu l in  formal c re d i t  toward 
an academic degree.
2. Research is  defined as c r i t i c a l  and exhaustive in v e s tig a tio n  
or experim entation having fo r  i t s  aim discovery of new fa c ts  
and th e i r  c o rre c t in te rp re ta t io n ,  re v is io n  of accepted con­
c lu s io n s , th e o rie s , or laws in  th e  l ig h t  o f newly-discovered 
fa c ts  o r the p ra c t ic a l  a p p lic a tio n  o f such new or rev ised  
conclusions, th e o rie s , or law s, inc lud ing  the tra in in g  of 
studen ts through such in v e s tig a tio n  or experim entation .
3. Public  Service is  defined as com prising those educa tional
a c t iv i t i e s  of the in s t i tu t io n  which a re  neigher In s tru c tio n
nor Research as defined and which p rim a rily  serve a c l ie n te le  
o th er than the i n s t i t u t io n 's  own s t a f f  and d e g re e -c re d it 
s tu d e n ts .
Any given fa c u lty  member i s  l ik e ly  to  be perform ing m u ltip le  
fu n c tio n s . There a re  fa c u lty  members doing nothing but resea rch  or noth­
ing but teaching or nothing but pub lic  se rv ic e , b u t they a re  excep tions.
The reason fo r d is tin g u ish in g  between the fu n c tio n s is  th a t they serve
q u ite  d i f f e r e n t  popu la tions. For example, s tu d en ts  a re  p rim arily  served 
by the in s tru c tio n  fu n c tio n , although a s p e c if ic  academic program may 
become entwined w ith the research  or pub lic  se rv ice  fu n c tio n s . Govern­
ment, the p u b lic , in d u s try , and the fa c u l ty , w ith  th e ir  goals of develop­
ing  and expanding knowledge, a re  served by the  resea rch  fu n c tio n , which
John E. Swanson, Wesley Arden, and Homer E. S t i l l ,  F in an c ia l 
A nalysis of C urrent O perations of Colleges and U n iv e rs itie s  (Ann Arbor, 
Michigan: The U n iv e rs ity  of Michigan, 1966), p p .99-11.
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may i t s e l f  be complementary to  the in s tru c tio n  and public  se rv ice  func­
t io n s . Various nonstudent p a r t ic ip a n ts ,  s tu d en t p a r t ic ip a n ts  in  e x tra ­
c u rr ic u la r  in s tru c t io n , and users of sp e c ia liz ed  u n iv e rs ity  ta le n ts  a re  
served by the  pub lic  se rv ice  fu n c tio n , which i s  i t s e l f  linked  to  the 
in s t ru c t io n a l  and resea rch  fu n c tio n s .
The academic environment support se rv ice s  of Figure I I  include 
studen t se rv ice s  in  support o f in s tru c tio n  and lea rn in g  se rv ices in  
support of a l l  primary fu n c tio n s . The c u rre n t s tuden t se rv ices  function 
i s  not s ig n if ic a n t ly  d if f e r e n t  in  coverage from i t s  medieval co u n te rp art. 
Problems of housing, feed ing , and f in a n c ia l support were ju s t  as p ressing  
upon the medieval s tuden t and were perhaps b e t te r  served in  th a t environ­
m ent.^
Nearly every u n iv e rs ity  provided s tu d en ts  w ith  d e ta ile d  guides 
fo r  s o l i c i t in g  funds from p a re n ts , r e la t iv e s ,  o r f r ie n d s , e i th e r  through 
le c tu re s  or sc h o la s tic  manuals. And th ere  a re  numerous examples in  the 
m as te rs ' u n iv e r s i t ie s  o f the beginnings of our own in  loco p a re n tis  
s ta tu te s  of conduct. Only the e x tra c u r r ic u la r  se rv ice s  of studen t 
a c t i v i t i e s ,  a th le t i c s ,  and alumni a c t iv i t i e s  a re  tru e  products o f the 
modern u n iv e rs ity .
The learn ing  se rv ice s  o f F igure I I  p resen t the newest support 
fu nc tion  of the academic environment and a re  s t i l l  not w ell d i f f e r e n t i ­
a ted  a t  most o f our u n iv e r s i t ie s .  The l ib r a r y ,  which did not come in to  
e x is ten ce  u n t i l  the Hate Middle Ages, i s  our most v is ib le  lea rn in g  
s e rv ic e . However, we a re  ra p id ly  a r r iv in g  a t  th e  p lace where computing
^Hastings R ashdall, The U n iv e rs itie s  of Europe in  the Middle Ages 
(New York: Oxford U n iv e rs ity  P re ss , Vol. 2, 1936), Appendix 1.
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c e n te rs , aud iov isual a id s ,  telecommunications c e n te rs , and o ther c lu s te r s  
of technology w il l  take th e ir  p laces as se rv ice s  th a t  a re  a lso  recog­
nized to  be in  support of a l l  th ree  primary fu n c tio n s . Perhaps then 
we w ill  judge them on th e i r  a b i l i ty  to  support the primary functions 
ra th e r  than on abso lu te  s iz e .
The general support function  in  a modern u n iv e rs ity  i s  charac­
te r iz e d  by being much la rg e r  and more d iverse  than i t s  m edieval prede­
cesso r. Although s im ila r  functions obviously went on in  medieval u n i­
v e r s i t i e s ,  apparen tly  the records of them were seldom considered worth 
p reserv ing . The general support function  i s  f a r  more amenable to  com­
parisons w ith in d u stry  than any o th er u n iv e rs ity  fu n c tio n , however, such 
comparisons a re  seldom made. For example, numerous support f a c i l i t i e s  
such as booksto res, la u n d rie s , general s to re s , food f a c i l i t i e s ,  and 
b in d erie s  should be evaluated  w ith t r a d i t io n a l  business m easures. A 
r a te  of re tu rn  on investm ent would be one ap p rp p ria te  measurement of 
performance.
The s ta te d  func tions and sub-functions complement the o v e ra ll  
ob jec tiv es  of the u n iv e rs ity . Each function , however, poses somewhat 
d if f e r e n t  management problems fo r u n iv e rs ity  le a d e rs .
Directions for the University
The s p e c ia liz a t io n  o f  knowledge has added to  the  com plexity of 
the u n iv e rs ity  management envioonment. As Toynbee has sa id :
Since the seven teen th  century  the amount o f p o te n t ia l  knowledge 
has increased  fa r  beyond the q u an tity  th a t can become a c tu a l know­
ledge in  a s in g le  human mind. Dante did know v i r tu a l ly  every th ing  
th a t  hhere was to  be known in  Western Christendom in  the year 1300. 
Goethe knew the g re a te r  p a rt of \riiat there  was to  be known th ere  
in  the year 1800. But since  1832, the date o f G oethe's d ea th , i t  
has become im possible fo r  even the most powerful I n t e l l e c t  and the
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most in d u s trio u s  temperament to  m aster more than a f ra c tio n  o f what 
there  is  to  know.
On the one hand, s p e c ia liz a tio n  co n trib u te s  to  a breakdown In 
communications; and on the o th er hand, s p e c ia liz a tio n  frequen tly  leads 
to  or i s  accompanied by the in te g ra tio n  of knowledge. In  e a r ly  Egyptian 
so c ie ty , fo r  example, the development of h igh ly  sp ec ia lized  tasks led 
to  a h igh ly  in te g ra te d  so c ie ty . The p r in c ip le  has been applied  to  the 
growth of in d u s tr ia l  o rgan iza tions by various studen ts of management.^
I f  we expect th a t  the s p e c ia liz a tio n  of knowledge in  the u n iv e rs ity  w il l  
be accompanied by an in te g ra tio n  of knowledge, then we should ask how 
the u n iv e rs ity , which r e f le c t s  th is  s p e c ia liz a t io n , w il l  p a r t ic ip a te  
in  the evo lu tio n  of an in te g ra te d  o rg an iza tio n .
The u n iv e rs ity  has two pathes open fo r i t s  evo lu tion . I t  could 
achieve in te rn a l  coherence and p resen t i t s e l f  as an e n ti ty  prepared to  
deal w ith the o u tside  world on an in te g ra te d  b a s is .  A lte rn a tiv e ly , the 
u n iv e rs ity  could be in te g ra te d  and a ss im ila te d  in to  the ou tside  world 
through la rg e  e x tra u n iv e rs ity  o rg an iz a tio n s . I f  we b e lieve  in  the 
values of u n iv e rs ity  autonomy and the academic freedoms th a t  a re  c lo se ly  
a sso c ia ted  w ith  th is  autonomy, then the u n iv e rs ity  should organize i t s e l f  
along in te rn a l ly  coherent p a tte rn s  and prove to  the general p u b lic , the 
le g is la t iv e  bod ies , and tru s te e s  th a t  they can and must a ffo rd  th is  
o rg an iza tio n  s t ru c tu re .  I f  we continue to  encourage the p a tte rn s  of 
u n iv e rs ity  in te g ra tio n  in to  the  la rg e r  worlds o f organized s ta te  and
®Arnold Toynbee, P reface  to  Campus 1980 (Ed. A lvin C. E u rlich ;
New York: D elacorte  P re ss , 1968), p . x x i i .
^An e x c e lle n t  coverage of th is  development in  in d u s tr ia l  firm s 
may be found in  Claude S. George, J r . ,  H isto ry  of Management Thought 
(Englewood C l i f f s ,  New Je rse y : P re n tic e -H a ll, I n c . ,  1968).
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n a tio n a l coo rd ina ting  and planning bodies, w ithout developing In te rn a l 
coherence, then u n iv e rs ity  autonomy may no longer be p o ss ib le . C lea rly , 
the question  of u n iv e rs ity  management depends e n t i r e ly  on which path 
i s  s e le c te d .
UNIVERSITY DECISION FRAMEWORK 
The prim ary o b jec tiv e  o f the modern u n iv e rs ity  i s  to  provide an 
i n s t i tu t io n a l ly  coherent approach to  conserving , augmenting, and promul­
ga ting  knowledge in  consonance w ith the goals o f la rg e r  pub lic  in te re s ts ' 
and so c ie ty . U n ivers ity  management must p lan , o rgan ize , and co n tro l the 
a c t iv i t i e s  o f the in s t i tu t io n  in  order to  accomplish th is  o b jec tiv e .
In  the complex, m u ltifu n c tio n , and h igh ly  sp e c ia liz ed  u n iv e rs ity  
e x is tin g  in  the tw en tie th  cen tury , no one can undertake the e n ti r e  
management r o le .  Thus, a balance should o b ta in  between the s tu d en ts , 
fa c u lty , and a d m in is tra to rs  in  the development o f p o l ic ie s ,  t r a n s la tio n  
of them in to  p lan s , se cu ra l and a llo c a t io n  of re so u rces , and the c o n tro l 
and ev a lu a tio n  of performance. Furtherm ore, these  plans and ac tio n s  
must be tra n s la te d  in to  a coherent in te g ra te d  s tru c tu re  fo r  continuous 
a c tio n  w ith and re a c tio n  to  the e x tra u n iv e rs ity  environm ent. I t  must 
be made c le a r  to  the ou tside  world th a t  the  u n iv e rs ity  i s  in  charge and 
aware o f i t s  ro le  and d estin y  in  society*
Although the p a r t ic ip a n ts  in  the  d e c is io n  framework may be unique 
to  the u n iv e rs ity , the  basic  d ec is io n  process comprises the same th ree  
p r in c ip le  phases: "(1 ) find ing  occasions fo r  making a d ec is io n , (2)
find ing  p o ss ib le  courses of a c tio n , and (3) choosing among courses o f 
action."*®
*®Herbert A. Simon, The New Science o f Management D ecision (New 
York: Harper & Row, 1960), p . 1.
Role of the T rustees
L bgally , the governing body s i t t i n g  In p lenary  sess ion  i s  the 
u n iv e rs ity . I n s t i tu t io n s  of h igher learn ing  are governed by t ru s te e s ,  
regen ts o r o v e rsee rs . In  alm ost a l l  In stan ces, these  t ru s te e s  c o n s titu te  
a co rpo ra tion  which i s  the le g a l e n t i ty  of the i n s t i tu t io n .  By th is  de­
v ice  of p lac ing  u ltim a te  r e s p o n s ib i l i ty  in  the hands of laymen in  educa­
t io n , so c ie ty  accom plishes two im portant fu n c tio n s. The f i r s t  and le s s  
im portant is  the opportun ity  fo r  the  educational' in s t i tu t io n  to  do 
business in  th e .fa sh io n  of a l l  co rp o ra tio n s , to  hold p ro p erty , and to  
make c o n tra c ts . The second i s  to  provide assurance th a t  educa tional 
po licy  is  p la u s ib ly  a r t ic u la te d  to  thenneeds of so c ie ty . In  le g a l term s, 
as Chambers** p o in ts  o u t, everyone e ls e  in  the in s t i tu t io n ,  from the 
lo w lie s t freshman to  the  most se n io r  fa c u lty  member, from the classroom  
ja n i to r  to  the co m p tro lle r, i s  an agent of the board of t ru s te e s .
While boards behave in  a wide v a r ie ty  of ways, Rauh has poin ted  
out th a t  as a general ru le  they c a rry  a minimum of four basic, re sp o n si­
b i l i t i e s :
1. To f i l l  vacancies and make changes in  the o f f ic e  o f p re s id e n t.
In  th is  fu n c tio n  the  board oversees the  b asic  purpose of the
i n s t i t u t io n .
2 . To hold t i t l e  to  and conserve p ro p erty . The board thus 
sup erv ises  the  f in a n c ia l  w ell-being  of the in s t i tu t io n .
3 . To a c t as a court of l a s t  r e s o r t .
4 . To hold the c h a r te r  and seek re v is io n  of i t  when i t  i s  deemed
necessary .*^
H. Chambers, "Who i s  th e  U n iv e rs ity : A Legal I n te rp re ta t io n ,"  
Journal of Higher E ducation . XXX (Jnnp, 1999), pp. 320*944.
*^M. A. Rauh, College and U n iv e rs ity  T rusteesh ip  (Yellow Springs, 
Ohio: The Antioch P re s? , 1959), p . 19.
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In  p ra c t ic e ,  then , a board delegates lim ited  a u th o r ity  to  agents 
of i t s  own choosing, in  the fash ion  designated in  the  c h a r te r  which i t  
h o ld s . For ad m in is tra tiv e  purposes, the board u su a lly  f ix e s  so le  
re s p o n s ib ili ty  in  a p re s id e n t. F u rther c o d if ic a tio n  of ad m in is tra tiv e  
process may be undertaken by the n e g o tia tio n s  between the  p re s id en t and 
the fa c u lty  and s tuden t body, re s u ltin g  in  c o n s titu t io n s  fo r  in s t i tu t io n a l  
self-governance which, when r a t i f i e d  by the board , becomes p a r t  of the 
leg a l a u th o rity  s tru c tu re .
Because of the d iv e rs ity  of board re la t io n s h ip s ,  the f a c t  th a t 
they commonly rep re se n t an ou tside  v iew point, and the  l ik e ly  p e rip h e ra l 
na tu re  of th e i r  c o n ta c ts , i t  seems wise to  focus on u n iv e rs ity  management 
from the standpo in t o f ad m in is tra to rs , fa c u lty , and s tu d e n ts . This focus 
i s  no t meant to  exclude boards from the management p ro cess , but ra th e r  
to  develop a f i r s t  l in e  management concept. That i s ,  a coherent d ec is ion  
s tru c tu re  must e x is t  between s tu d en ts , fa c u lty , and a d m in is tra to rs , and 
th is  s tru c tu re  must be ab le  to  re a c t  to  and w ith  t ru s te e s  or o th e r  boards 
of c o n tro l. The sp e c if ic  degree of involvement of a sp e c if ic  board in  
the d ec is io n  process is  in s t i tu t io n a l ly  determ ined. The concept of and 
need fo r  a u n iv e rs ity  management co n sis tin g  of s tu d e n ts , fa c u lty , and 
a d m in is tra to rs , however, is  app licab le  to  any in s t i t u t io n  reg a rd less  of 
i t s  s iz e , m ission , o r c o n tro l.
Role of the Administra to rs
In  l ig h t  of the leg a l a u th o rity  s tru c tu re ,  as i l lu s t r a te d  in  
Figure I I I ,  the ad m in is tra tio n  i s  th a t group of persons to  whom the 
p res id en t re -d e le g a te s  a u th o rity  which he has been i n i t i a l l y  delegated  
by the  board of t ru s te e s  fo r  the conduct of a l l  fu n c tio n s o f the
FIGURE III 
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SOURCE: Asa S. Knowles, e d ., Handbook of College and Univers i ty  A dm inistration
—General (New York: McGraw-Hill Book Company, 1970), p. 3 .9 .
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i n s t i tu t io n .  A dm inistra tion  in  the academic community must perform th ree  
e s s e n t ia l  fu n c tio n s . These a re :
1. Provide educational leadersh ip  and to  c u l t iv a te  an image of 
the u n iv e rs ity .
2. Augment and a llo c a te  the  scarce economic resou rces of the 
u n iv e rs ity .
i i
3. M aintain the u n iv e rs ity  as a going, v ia b le  e n te rp r is e .
The p re s id en t of a u n iv e rs ity  serves in  a dual c ap a c ity . Formally, 
he i s  se lec te d  by th e  board of tru s te e s  add i s  resp o n sib le  to  them. He 
i s  the c h ie f  a d m in is tra tiv e  o f f ic e r  of the u n iv e rs i ty , e x e rc is in g  
general overview of the  functions of ad m in is tra tio n  w ith in  the academic 
community. But the  p re s id en t is  a lso  more than  t h i s .  He i s  the p r in c i-  
palrmember of the fa c u l ty , f i r s t  among equals, the educa tional lea d e r.
He should f a c i l i t a t e  bu t not dominate the p rocess o f fa c u lty  d ec is io n ­
making.
J u s t  as the p re s id en t serves in  a dual c a p a c ity  ofi educational 
lead er and ch ie f ad m in is tra tiv e  o f f ic e r ,  so he has a dual group of 
a sso c ia te s  who make up the ad m in istra tiv e  o rg an iza tio n  of the u n iv e rs ity . 
This o rg an iza tio n  may be e lab o ra te  or sim ple, depending upon the s ize  
of the u n iv e rs ity  and upon the ex ten t of i t s  educa tiona l a c t iv i t i e s .
This o rg an iza tio n  w i l l  vary  a lso  w ith  the e x te n t to  which fa c u lty  and 
ad m in is tra tiv e  a c t iv i t i e s  have been c e n tra liz e d  or d e ce n tra liz ed  in  
schools and departm ents.
O rd inarily  a p re s id en t i s  aided in  h is  ro le  of educational lead er 
by a v ice  p re s id en t fo r  academic a f f a i r s .  In  a d d itio n , in  la rg e  m u lti­
campus u n iv e r s i t ie s  th e re  w ill  be a chancello r fo r  each campus in  the
13John D. M i l le t t ,  The Academic Community (New York: McGraw-Hill
Book Company, 1962), p . 180.
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u n iv e rs ity  system. Of course , each chancello r w il l  have a complete cadre 
of a d m in is tra to rs . The deans of schools and dhairmen of departm ents a lso  
c o n s t i tu te  a p a r t  of the  machinery of academic a f f a i r s  in  a u n iv e r s i ty .
The r e s u l t  is  th a t  in  a u n iv e rs ity  educational leadersh ip  i s  u su a lly  a 
c o l le g ia l  ta sk . The p re s id e n t p res id es  over what i s  in  e f f e c t  an educa­
t io n a l  council where major issu es o f educational p o licy  and procedure 
a re  reso lved , always su b je c t to  fa c u lty  approval or support.
I t  would req u ire  an e n t i r e  volume to  describe  a l l  the v arious 
se rv ice s  and opera tions of a d m in is tra tio n  in  a u n iv e r s i ty .^  I t  may be 
w orthw hile, however, simply to  mention c e r ta in  aspec ts of some of these  
a reas of a d m in is tra tio n . Thereby, u n d erlin ing  the importance of admin­
i s t r a t i o n  in  a u n iv e rs ity .
There i s  a v a s t  range o f a c t iv i t i e s  known as s tu d en t a f f a i r s ,  o r 
s tu d en t personnel s e rv ic e s . These a c t iv i t i e s  are o ften  brought toge ther 
under a v ice  p re s id en t fo r  s tuden t a f f a i r s .  The p re s id en t must give 
some a tte n t io n  to  th is  area of a d m in is tra tiv e  e f f o r t ,  where the s o c ia l ,  
h e a lth , l iv in g , and o th er general problems of studen ts rece iv e  guidance 
and a s s is ta n c e .
Secondly, th e re  i s  the general f ie ld  of a c t iv i ty  known as pub lic  
r e la t io n s  and development. This f i e ld  a lso  freq u en tly  includes the 
p u b lic  se rv ice  a c t i v i t i e s .  Here the concern i s  to  c rea te  a favorab le  
image of the  u n iv e rs ity  and to  c u l t iv a te  a l l  a v a ila b le  sources of 
f in a n c ia l  support. P ub lic  in form ation , alumni r e la t io n s ,  and fund ra is in g  
a c t iv i t i e s  a re  c lo se ly  in te r r e la te d .  In  la rge  u n iv e r s i t ie s ,  th e re  i s  a
thorough d iscu ss io n  of. general u n iv e rs ity  a d m in is tra tio n  may be 
found in  John J .  Corson, Governance of Colleges and U n iv e rs itie s  (New 
York: McGraw-Hill Book Company, 1960).
tendency to  organize these a c t iv i t i e s  under such ad m in istra to rs  as a v ice  
p re s id en t fo r  p u b lic  r e la t io n s ,  v ice  p re s id en t fo r  development, and a 
v ice  p re s id e n t fo r  pub lic  s e rv ic e .
F in a lly , th e re  i s  the im portant area of business a f f a i r s .  This 
area embraces a h o st of ad m in is tra tiv e  a c t i v i t i e s .  In  the sm aller 
u n iv e rs ity  these  functions may be grouped under a d ire c to r  of business 
a f f a i r s .  A la rg e  u n iv e rs ity  system, however, would assig n  these  a f f a i r s  
to  sev e ra l a d m in is tra to rs  includ ing  a v ice  p re s id e n t fo r ad m in is tra tio n , 
v ice  p re s id e n t fo r  b u sin ess , trice p re s id en t fo r  finance , and a v ice  
p re s id e n t fo r  p lanning .
The v a rio u s functions under the business a f f a i r s  o f f ic e r  inc lude:
1. Accounting and F in an c ia l R eporting .
2. Investm ent Management.
3 . Purchasing.
4 . P hysica l P la n t.
5. Personnel S erv ices.
6. Management of A ux ilia ry  E n te rp r is e s .
7. In te rn a l  A udit.
8 . Systems and Procedures.
9 . A rc h ite c tu ra l S e rv ices .
10. Legal S e rv ices .^
U n iv e rs ity  a d m in is tra tio n  has been h i s to r ic a l ly  a derived stew­
ardsh ip  fu n c tio n . As the  ad m in is tra tiv e  fu n c tio n  evolved, the v a rio u s 
ad m in is tra to rs  were used as a b liffe r  a g a in s t ( the o u tsid e  wofc'ld fo r
A thorough d iscu ssio n  of the ad m in is tra tio n  of business a f f a i r s  
may be found in  College and U n iv ers ity  Business A dm inistration (Washing­
ton : American Council on Education, 1968).
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in te rp re t in g  fac u lty  and studen t needs and secu ring  resources to  meet 
these  needs. The fu n c tio n a l s p e c ia liz a tio n  of stew ards has prevented 
u n iv e rs ity  ad m in istra to rs  from e x e rc is in g  much management a u th o r ity .
In  the fu tu re , u n iv e rs ity  ad m in is tra to rs  must become le s s  concerned w ith 
ro u tin e  m atte rs  and more conscious of the s e le c tio n  of v ia b le  a l te rn a t iv e s  
re la te d  to  the a llo c a tio n  of scarce  re so u rce s .
Role of the  Faculty
Facu lty  members are  p ro fe s s io n a ls . In  th e i r  appointm ents, the 
p ro fe ss io n a l im perative i s  recognized by th e  s ta te d  p r in c ip le  th a t  they 
a re  chosen fo r  sch o la rly  a b i l i ty  a lone , no t fo r  th e i r  t r a c ta b i l i t y  to  
su p e rv is io n . The formal a u th o rity  s tru c tu re  of an educa tional i n s t i t u ­
tio n  recognizes the fa c u lty  as agents of th e  board su b je c t to  the super­
v is io n  of ad m in is tra tio n . But in  p ra c t ic e ,  the  a d m in is tra tio n  u su a lly  
recognizes and r e l i e s  upon the ex is ten ce  of co lleague a u th o r ity  in  the
c o n s titu tio n s  which embody the form al sta tem en ts of fa c u lty  r e la t io n -
. .  16 sh ip s .
Every member o f the fa c u lty  o f a u n iv e rs ity  has a dual s ta tu s .
He has an in d iv id u a l ro le  and a c o l le g ia l  t o l e .. ;As an ind iv idua l a 
fa c u lty  member has various im portant d u tie s  to  c a rry  out in  the perform ­
ance of h i s  p ro fess io n . In  a d d itio n , each member o f a fa c u lty  has c e r ta in  
d u tie s  to  perform  as p a r t  o f a company of sc h o la rs . O rd in a rily  these 
c o lle c tiv e  d u tie s  a re  performed a t  th re e  le v e ls  of o p e ra tio n s : the
departm ent, the co llege  or school, and the u n iv e r s i ty .  While some in d i­
v id u a ls  tend to  have more in fluence  than  o th e rs , every  fa c u lty  member
d e ta ile d  d iscussion  of th is  to p ic  may be found in  Edward H. 
L itc h f ie ld ,  "O rganization in  Large American U n iv e rs i t ie s :  The F a c u lt ie s ,"  
Jou rna l o f Higher Education. XXX (O ctober, 1959), p . 353.
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has some voice In  the determ ination  of m atte rs  of academic p o licy  a t  a l l  
th ree  le v e ls  of c o lle c t iv e  or group decision-m aking. The Ind iv idual 
co n trib u te s  to  the  group p rocess ; he should no t be absorbed by I t .
At the departm ental and a t  the co llege  or school lev e l the  system 
fo r decision-m aking Is  one of d i r e c t  democracy. Every person of s ta te d  
rank has an equal v o ice  and vote in  the r e a l iz a t io n  of c o lle c tiv e  a c tio n . 
At the u n iv e rs ity  le v e l the  system fo r  decision-m aking may be e i th e r  
d ire c t  o r re p re s e n ta tiv e . The fa c u lty  of a u n iv e rs ity  may meet together 
as a whole and as an academic senate  take ap p ro p ria te  ac tio n s  a ffe c tin g  
the general conduct o f educa tional a f f a i r s .  Except in  the very  small 
u n iv e rs ity , much of th e  a c tu a l achievement of an academic consensus 
re s ts  w ith  com m ittees. Reports from committees w i l l  u su a lly  be accepted 
by the e n t i r e  f a c u l ty  membership of a co llege  and by the  e n t i r e  fac u lty  
membership of a u n iv e r s i ty .  The a lte rn a t iv e  w il l  o rd in a r ily  be no 
d ec is io n  or a c tio n  a t  a l l .
In  some in s tan c es  a t  the  u n iv e rs ity  le v e l i t  i s  no t fe a s ib le  as 
a m atter of s iz e  fo r  th e  e n t i r e  fa c u lty  to  meet as a c o lle g ia l  whole. 
In stead  a fa c u lty  council or another such d e lib e ra tiv e  body w il l  rep re ­
sen t the v a rio u s co lleg e  and school f a c u l t ie s  and w i l l  decide po licy  
questions of u n iv ers ity -w id e  in te r e s t  in  the academic realm .
Role of Students
The s tu d en t body o f a u n iv e rs ity  w ields power. This power may be 
circum scribed in  vardious ways, and i t s  ex e rc ise  may be ev ident in  in ­
d ire c t  and su b tle  ways. I t  i s  s t i l l  power, and power which cannot be 
e lim inated  o r ignored by a fa c u lty , an a d m in is tra tio n , o r by o th e rs .
Student power has economic, academic, and s o c ia l  m an ifes ta tio n s . 
A ll th ree  have an im portant impact tupon the u n iv e rs i ty . In te re s tin g ly
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enough, th is  power Is  seldom acknowledged, and I t  Is  a t  b e s t bu t poorly 
s tru c tu re d . Student power has o ften  been la te n t  In the p a s t .
The In te re s t  of to d ay 's  s tu d en ts  In more re le v an t In s tru c tio n , 
more reasonable c o s ts , and le s s  u n iv e rs ity  co n tro l of th e i r  p r iv a te  liv e s  
i s  c e r ta in ly  w ell founded in  h is to ry .  However, in  the American u n iv e rs ity , 
which followed the Oxford model, th e  s tu d en t has never been a .s ig n if ic a n t  
p a r t ic ip a n t  in  management. Although the s tuden t has been expected to  
p lan , o rganize, and co n tro l h is  way through the lab y rin th  of requirem ents, . 
courses, counselors, and d o rm ito rie s , he has had l i t t l e  to  do w ith the 
p lann ing , organizing , and c o n tro llin g  of th is  la b y rin th . The v e s tig e s  
o f s tu d en t governance appear in  the  form of s tuden t assem blies and coun­
c i l s ,  in  occasional re p re se n ta tio n  on u n iv e rs ity  committees, and in  various 
s tu d en t courts and s e lf - re g u la to ry  a sso c ia tio n s .
For the  most p a r t ,  the  American studen t has had g re a te r  involve­
ment w ith organized s o c ia l  a c t i v i t i e s .  D espite the  lack  o f r e a l  s t ru c ­
tu r a l  in te g ra tio n  in to  key d e c is io n  p o in ts  of the  u n iv e rs ity , s tu d en ts  
have been ab le  to  make some s ig n if ic a n t  and responsib le  changes through 
the  s tru c tu re . In  loco p a re n tis  r e s t r i c t i o n s ,  speakers ' r u le s ,  com­
pu lso ry  R.O.T.C., and d isc rim in a to ry  p ra c tic e s  have freq u en tly  been 
e lim inated  or s u b s ta n tia l ly  reduced through organized s tuden t groups. 
L ikew ise, studen ts have re c e n tly  received  increased  re p re se n ta tio n  on 
v a rio u s fa c u lty  and u n iv e rs ity  comm ittees, a goal of the N ational Student 
A ssoc ia tion  since  the  1950's .  Thus, the  p o s s ib i l i ty  of the ad hoc develop­
ment of increased  studen t p a r t ic ip a t io n  in  the u n iv e rs ity  d ec is io n  frame­
work e x is ts .
Given the in te l l ig e n c e , d e d ic a tio n , and m atu rity  of many of the 
stu d en ts  who a re  in te re s te d  in  change, the  in co rp o ra tio n  o f s tu d en ts
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in to  the management s tru c tu re  may be both d esirab le  and e s s e n t ia l .  As 
pointed out by the Cox Commission:
The s tu d en t body i s  a mature and e s s e n tia l  p a r t  of the  community 
of sc h o la rs . This p r in c ip le  has more v a l id i ty  today than  ever be­
fo re  in  h i s t o r y . . . .  The process of drawing s tu d en ts  in to  more 
v i t a l  p a r t ic ip a t io n  in  the  governance of the u n iv e rs ity  i s  i n f in i t e ­
ly  complex. I t  cannot be reso lved  by e ith e r  a b s tra c tio n s  o r ta b le s  
of o rg an iza tio n . I t  does not mean th a t issues must be s e t t l e d  by 
re fe ren d a . We a re  convinced, however, th a t  ways must be found, 
beginning now, by which s tu d en ts  can m eaningfully in fluence  the
education afforded  them and o ther aspec ts of the  u n iv e rs ity  a c t iv i  
t i e s .  
Student p a r t ic ip a t io n  in  decision-making i s  no t w ithout i t s  d is ­
advantages to  the s tu d e n ts . In  many cases, studen t lea d e rs  who have 
fought fo r  the r ig h t  to  be heard and to  p a r t ic ip a te  f in d  th a t  the a c tu a l 
work of p a r t ic ip a t io n  i s  arduous and th a t  the process i s  slow . F requen tly , 
the s tuden ts  a re  accused of coopting to  the estab lishm en t, and when given 
new fa c ts  and understandings find  themselves consciously  supporting  
ac tio n s th a t p rev io u sly  they would have denounced. Although a d e s irab le  
in g red ien t in  the d ec is io n  s tru c tu re ,  studen t p a r t ic ip a t io n  in  d ec is io n ­
making may req u ire  more s a c r i f ic e s  on the  p a r t  of s tu d en ts  than on the 
p a r t  of the in s t i tu t io n .
The Decision S tru c tu re
C lea rly , the  p a r t ic ip a n ts  have mutual in te r e s ts  in  se rv ing  the 
u n iv e rs ity  and in  improving i t .  L ikew ise, each has comptencies th a t  
can c o n trib u te  to  the development o f a coherent in s t i t u t io n  which can 
a t  the same time rem ain autonomous, be innovative, and balance i t s  work
i
w ith  the  needs of so c ie ty . On the o ther hand, these  in te r e s ts  and
*^Cox Commission, C r is is  a t  Columbia (New York: V intage Books,
1968), p . 197.
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competencies are  in  many cases com petitive w ith in  the s tru c tu re ;  fo r  
example, s tu d en ts  and fa c u lty  have v a s t ly  d if f e r e n t  opinions about the 
in s tru c tio n a l p ro cess , academic programs compete w ith each o th er fo r the 
same scarce  re so u rce s , and lea rn in g  se rv ices ad m in is tra to rs  are  more 
in te re s te d  in  b igger and b e t te r  l ib r a r ie s  and computer cen te rs  than they 
are in  fa c u lty  s a la ry  in c re a ses .
For these  rea so n s , a t r i p a r t i t e  management of s tu d e n ts , fa c u lty , 
and a d m in is tra to rs  cannot be a tro ik a , because th e re  i s  no assurance 
th a t i t  i s  even p o ss ib le  or d e s ira b le  to  get the p a r t ie s  headed in  the 
same d ir e c to r .  Thus, what the p a r t ie s  a re  faced w ith i s  the f a c t  th a t 
the problem of u n iv e rs ity  management i s  p rim arily  a p o l i t i c a l  problem 
and only very  seco n d arily  an economic or so c ia l  one. Some d ire c tio n s  as 
to  the primary requirem ents of a management system based on p o l i t i c a l  
r a t io n a l i ty  were given by Wildavsky:
P o l i t i c a l  r a t io n a l i ty  i s  the fundamental kind of reason , ‘because 
i t  d ea ls  w ith the  p re se rv a tio n  and improvement of d ec is io n  s tru c tu re s , 
and d e c is io n  s tru c tu re s  are  the  source of a l l  d e c is io n s . Unless a 
dec is io n  s tru c tu re  e x is ts ,  no reasoning  and no decisions are 
p o ss ib le .
The d ec is io n  s tru c tu re  should be tie d  c lo se ly  to  the opera tiona l 
s tru c tu re  o f the u n iv e rs ity  so th a t  decisions can be made in  the con­
te x t of o p e ra tio n a l f e a s i b i l i t y .  In  the u n iv e rs ity , opera ting  as a 
coherent i n s t i t u t io n  and tak ing  advantage of the in te r e s ts  and capabi­
l i t i e s  of a l l  p a r t i e s ,  the  d ec is io n  s tru c tu re  should be d ecen tra lized  in  
the development o f g o a ls , o b je c tiv e s , and p lan s . That i s ,  the fa c u lty  
as in d iv id u a l members and in  i t s  c o lle g ia l  r o le ,  a d m in is tra to rs  a t  the
18Aaron W ildavsky, "The P o l i t ic a l  Economy of E ffic ien cy : Cost Bene­
f i t  A nalysis, Systems A nalysis, and Program Budgeting," P ub lic  Adminis­
t r a t io n  Review. XXVI (December, 1966), p . 307.
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departm ent and school lervel, and s tu d en ts  should be Involved In  the dec i­
sion-making p rocess. Even a t  th is  d ecen tra lized  le v e l, however, I t  Is  
Im perative to consider the p o l i t i c a l  balance and o p e ra tio n a l aspec ts  of 
d e c is io n s . For example, I f  a new degree program Is  envisioned by a 
departm ental fa c u lty , th a t  program should f i r s t  be' considered In  context 
of the  departm ental goals and w ith  re sp e c t to  o th er departm ental programs 
and goals w ith in  the u n iv e r s i ty .  F u rth e r, the im p lica tio n s of the program 
fo r  o th er groups, such as s tu d en t se rv ice s  and lea rn in g  se rv ic e s , should 
be evaluated  w ith in  the  con tex t o f the o v e ra ll  goals and c a p a b il i t ie s  of 
these  groups.
The d ire c t  and support c o s ts  of a new degree program, fo r  example, 
a re  im portant inpu ts in to  the  u n iv e rs ity  d ec is io n  framework. Hie a v a i l­
a b i l i ty  of such sim ulated co s t in form ation  should c o n tr ib u te  to  more 
e f f i c ie n t  a llo c a tio n  of u n iv e rs ity  re so u rces .
ACCOUNTING IN THE UNIVERSITY ENVIRONMENT 
The business community has assumed lead ersh ip  in  the evo lu tion  
of accounting systems in  response to  the  p r o f i t  motive and the  re s u l tin g  
emphasis on e f f ic ie n t  a llo c a tio n  o f reso u rces. ^U n iversities, on the 
o th e r hand, continue to  use accounting systems th a t  a re  designed p rim arily  
to  achieve co n tro l of ex p en d itu res . This i s  a n a tu ra l o b jec tiv e  derived 
from the philosophy th a t  an in s t i t u t io n  of h igher educa tion , pu b lic  or 
p r iv a te ,  i s  a form of pub lic  t r u s t .  A ll funds a llo c a te d  to  the i n s t i ­
tu t io n  from pub lic  or p r iv a te  so u rces , whether earmarked or u n re s tr ic te d , 
a re  expected to  be accounted fo r  in  g rea t d e ta i l .
Fund Accounting in  the U n iv ers ity
Most in s t i tu t io n s  o f h igher education  follow  the accounting
p r in c ip le s  and procedures contained in  College and U n iv e rs ity  Business 
19A dm ln istra tion . These p r in c ip le s  and procedures were developed accord­
ing to  the  concept th a t  accounts should be arranged and c la s s i f ie d  so 
th a t  funds having l ik e  c h a ra c te r is t ic s  and r e s t r i c t io n s  w i l l  be repo rted  
in  ap p ro p ria te  fund groups. According to  the American Council on Educa­
t io n :
A fund i s  e s ta b lish e d  to  carry  on sp e c if ic  a c t i v i t i e s  o r a t t a in  
c e r ta in  o b jec tiv e s  in  the  opera tion  of an i n s t i t u t io n ,  e i th e r  a t  
the d is c re t io n  o f a governing board or in  accordance w ith  reg u la tio n s  
or l im ita tio n s  imposed by sources ou tside  the i n s t i t u t io n .  In  order 
to  ensure observance of l im ita tio n s  and r e s t r i c t io n s  placed on u se , 
a sep ara te  account must be m aintained fo r  the balance of each fund, 
i t  must r e f l e c t  the  r e s u l t s  of i t s  tra n sa c tio n s  or o p e ra tio n s . For 
rep o rtin g  purposes, funds su b je c t to  s im ila r  r e s t r i c t i o n s ,  or 
a v a ila b le  fo r  l ik e  purposes, should be assigned  to  a fund group, 
and each fund group should be tre a te d  as a s e p a ra te ly  balanced e n t i ty .  
The usual fund groups a re : cu rre n t funds, loan funds, endowment and
s im ila r  funds, annu ity  and l i f e  income funds, p la n t funds, and 
agency fu n d s.*0
The accounting system based on the p r in c ip le s  and procedure^ 
underly ing  fund accounting shows expenditures by fu n c tio h , o rg an iza tio n a l 
u n i t ,  and o b je c t, such as s a la r ie s ,  supp lies and expenses, and equipment. 
The two primary purposes of the system a re :
1. To s a t is f y  the  I n s t i tu t io n s 's  f id u c ia ry  re s p o n s ib i l i ty  to  
i t s  funding sources.
2 . To re p o r t  to  the  decision-m aker, who has a llo c a te d  scarce 
re so u rce s , h is  p rogress in  adhering to  h is  o r ig in a l  budget.
A secondary purpose of fund accounting i s  to  c lib ss ify  co sts  by 
a c t iv i t i e s  and o b je c tiv e s ; however, the emphasis i s  on in su rin g  th a t  
funds a re  being spent in  accordance w ith their r e s t r i c t io n s  o f ‘.these
^ C o l l e g e  and U n iv e rs ity  Business A dm inistra tion  (Washington: 
American Council on E ducation, 1968).
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providing the £unds, thus m eeting the i n s t i t u t i o n 's  f id u c ia ry  re sp o n si­
b i l i t i e s .  In  o ther words, the  ty p ic a l u n iv e rs ity  accounting system is  
designed to  provide an e f f i c i e n t  means of re p o rtin g  expenditures to  those 
e n t i t ie s  providing funds and, a t  the same tim e, account fo r  expenditures 
on the b a s is  of the a c t iv i ty  supported by a ttac h in g  id e n tify in g  codes 
fo r such functions as in s t ru c t io n ,  re sea rch , p u b lic  se rv ic e , general 
ad m in is tra tio n , and s tu d en t s e rv ic e s .
Fund accounting has been n a tu ra l  and u se fu l bu t i t  i s  becoming 
a rch a ic . U n iv e rs itie s  a re  becoming la rg e r  and more complex. There i s
gradually  becoming more p ro fe s s io n a l management and le s s  custod iansh ip  in
21u n iv e rs ity  a d m in is tra tio n . . In  p a r t ic u la r ,  the  ro le  of c o s t inform ation
in  u n iv e rs ity  decision-m aking i s  beginning to  rece iv e  a tte n t io n  as a new
and e f f i c ie n t  a id  in  the a d m in is tra tio n  of complex in s t i tu t io n s  of h igher 
22education .
Cost Accounting in  the  U n iv e rs ity
Cost accounting i s  a to o l of management. I t  a id s  management in  
the p rep a ra tio n  of general f in a n c ia l  s ta te ip en ts , i t  su p p lies  data  which 
may be used even tua lly  to  determ ine th e  o v e ra ll  e ff ic ie n c y  of an o rgan i­
z a tio n , and i t  rev e a ls  the  r e la t iv e  e ff ic ie n c y  of a l te rn a t iv e  opportun i­
t ie s  a v a ila b le  to  management. Cost in form ation  when p roperly  u t i l iz e d  
can do much to  m ain tain  o r  in c rease  the  e f f ic ie n t  opera tion  of an
21George C. Head, "A M anagerial Approach to  Governmental Account­
in g ,"  The Journal o f Accountancy. CXXIX (March, 1970), p . 50.
22^M alcolm  F. Severance, "Accounting fo r  D ecisions as Well as 
D o lla rs ,"  College and U n iv e rs ity  B usiness. XLVII (November, 1971), pp. 
58-60.
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o r g a n iz a t io n ;^
The' Nature of C ost. Cost means the using up of re so u rce s . I t  
is  u su a lly  measured in  terms of d o l la r s ,  but very  o ften  the r e a l  co sts  
can be thought of in  terms of tim e, men, or physica l re so u rces .' Every 
time a d o l la r  i s  sp en t, o r a man i s  used to  perform  a ta sk , o r a physical 
resource i s  used in  some way, then there  is  a lo s t  opportun ity  fo r  doing 
o th er kinds of jo b s . When a manager operated under a budget, he has to  
th ink  th a t every d o lla r  spen t means a c e r ta in  segment of the to ta l  
resources are  used up and lo s t  fo rev e r. Consequently, he i s  concerned to  
keep the e ff ic ie n c y  of h is  system a t  the h ig h es t peak so th a t  every d o lla r  
is  spent c o rre c tly  and c o n trib u te s  to  the r e a l  o b je c tiv e s  of the o rgan i­
z a tio n .
Cost has been defined  as "a measure of the resou rces used to
24achieve a given o b je c tiv e ."  The u n q u a lified  term cost i s  no t su ff ix  
c ie n tly  p rec ise  to  be very  u se fu l in  a n a ly s is , however. To avoid ambiguity 
in  communication, a m odifier must be a ttached  to  the word c o s t to  convey 
the shade of meaning in tended .
25Although th ere  are  numerous types of c o s t ,  J no s in g le  co st con­
cep t is  u n iv e rsa lly  re le v a n t fo r  a l l  purposes. The term c o s t ,  th e re fo re , 
must be understood in  i t s  re la tio n s h ip  to  the purpose or purposes fo r
23Frank J .  Zanfino, "Get Ready fo r  Cost A ccounting," College and 
U n iv e rs ity  B usiness. XLIV (A p ril, 1968), pp. 57-63.
24N ational A ssoc ia tion  of Acoountants, Committee on Management 
Accounting P ra c tic e s , "Concepts fo r  C ontract C osting ,"  Management Account­
in g . L III  (March, 1972), p . 55.
25A thorough d iscu ss io n  of over twenty types o f co st may be found 
in  American Accounting A ssoc ia tion , Committee on Cost Concepts and 
S tandards, "Report o f the Committee on Cost Concepts and S tandards,"  The 
Accounting Review. XX7II (A p ril, 1952), pp. 174-188.
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which i t  is  to servo . Thus, relevance to  the purpose fo r which the
measurement is  made is  the primary c r i t e r io n  underlying the use of a 
26c o s t f ig u re .
Average versus Increm ental C o sts . Aside from leg a l rep o rtin g  
requirem ents th a t  a re  imposed on in s t i tu t io n s ,  l i t t l e  or no in i t i a t iv e  
has been taken by the u n iv e rs ity  to  r e f l e c t  a ccu ra te ly  how in s t i tu t io n a l  
resources a re  app lied  to  reach in s t i tu t io n a l  goals.. In  essence, 
in s t i tu t io n s  of h igher lea rn in g  have not sub jected  themselves to the 
so p h is tic a te d  cost a n a ly s is  and p ro je c tio n  techniques necessary to  achieve 
e f f i c ie n t  o p e ra tio n s .
H is to r ic a lly ,  in s t i tu t io n a l  co s t s tu d ies  have been used p rim arily  
as a. means fo r  ju s tify in g ^ re q u e s ts  fo r  funding. In  the process of seek­
ing funds, h igher education  a d m in is tra to rs  employed c o s ts , however 
ob ta ined , as an in d ic a to r  of educational va lue , implying th a t  co st 
s tu d ie s  were in  essence the process by which higher education adminis­
t r a to r s  valued outputs fo r th e i r  c o n s titu e n c ie s . Cost s tu d ie s  have 
become an im portant p a r t  o f the budgeting and resource a c q u is itio n  pro­
cess because they were used to  develop budgeting form ulas.
The f a c t  th a t  c o s t s tu d ie s  became such an in te g ra l  p a r t  of the 
process by which support was nego tia ted  put c o n s tra in ts  on the nature  
o f in form ation  th a t  was ga thered . Since budgets were ty p ic a lly  nego­
t ia te d  in  lump sums ra th e r  than in  increm ents over previous lev e ls  of 
support, funding agencies tended to  be most in te re s te d  in  knowing what 
the t o ta l  c o s t o f running the in s t i tu t io n  would be . As a r e s u l t ,  co st
26Robert N. Anthony, "What Should 'C o s t' Mean?," Harvard Business 
Review, XLIX (May-June, 1970), p . 121.
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s tu d ies  tended to  focus on to ta l  co s ts  ra th e r  than Increm ental c o s ts . 
Given the predominant h i s to r ic a l  use of co st s tu d ie s , I t  Is n o t s u r p r i s ­
ing th a t  the procedures used tended to  focus on to ta l  a c tu a l c o s ts  of 
various educa tional outputs ra th e r  than on the way In which th ese  co sts  
varied  w ith ou tpu ts .
Average co st may be defined  as the to ta l  co s t d ivided by some 
u n it  such as s tu d en t c re d i t  hours or f u l l  time equ iva len t s tu d e n ts . 
Average or u n it  c o s t d esc rib es what goes on a t  one p a r t ic u la r  le v e l  o f 
ou tpu t, but may not be an ap p ro p ria te  in d ic a to r  o f co sts  a t  ano ther 
le v e l .  Increm ental c o s ts ,  on the o th er hand, are  equal to  the  change 
in  to ta l  co s ts  th a t  r e s u l ts  from going from one lev e l o f output to  an­
o th e r . Thus, the increm ental c o s t to  the in s t i tu t io n  o f adding or de­
le t in g  a program may be the  most re le v an t co st fo r management d e c is io n ­
making purposes. For example, the increm ental c o s t of a new computer 
science major in  the  accounting departm ent may be sm all, re q u ir in g  only 
a  few new fa c u lty  and no new f a c i l i t i e s .  Since the new major uses the 
resources of o th er departm ents and, perhaps, the resources o f the  p aren t 
departm ent, then the average co s t i s  u sua lly  s im ila r to  o th er s tu d en t 
m ajors. Thus, one could say , "The increm ental co st of a new computer 
science major in  the  accounting departm ent w il l  be $34,600," and a t  the 
same time say , "The average c o s t o f a computer s iien ce  major i s  $4,800 
per y e a r ."
J o in t  C osts . J o in t  c o s ts  a re  co sts  th a t  a re  a sso c ia ted  w ith  an 
a c t iv i ty  th a t  in  tu rn  produces ou tpu ts fo r  more than one program. The 
most frequen tly  c ite d  example of a jo in t  co st in  education i s  the sa la ry  
of a fa c u lty  member who i s  engaged in  a research  p ro je c t th a t  has both 
in s tru c t io n a l  and. resea rch  o u tp u ts . In  order to  determine acc u ra te
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u n it  co sts  re la te d  to  output u n its  w ith in  co s t c e n te rs , i t  i s  necessary 
to  analyze the resource mix w ith in  the co st te n te r s .  Such an a n a ly sis  
of jo in t  a c t iv i t i e s  would provide a r e a l i s t i c  b as is  fo r the a llo c a tio n  
o f jo in t  co sts  among o u tp u ts .
In s tru c tio n  C osts. Although a v a r ie ty  of co st inform ation may 
prove h e lp fu l in  the u n iv e rs ity  d ec is io n  p rocess, th is  re sea rch  p ro je c t 
is  p rim arily  concerned w ith in s tru c t io n a l  co sts  of a d i r e c t  or support 
n a tu re . The in s t ru c t io n a l  co sts  re le v an t fo r decision  purposes include:
1. D irec t In s tru c t io n a l  Costs r e f l e c t  the fa c e - to -fa c e  con tact 
where formal in s tru c t io n  i s  involved. This could va?y from
a la rg e  le c tu re  se ss io n  to  in d iv id u a l in s tru c t io n  fo r  sp e c ia l 
p ro je c ts . The primary element of co s t involved i s  fac u lty  
s a la r ie s .
2. In d ire c t  In s tru c t io n a l  Costs a re  re la te d  to  s ta f f ,  in  d ire c t  
support o f the in s t ru c t io n a l  process bu t who themselves do 
no teach ing . An example would be an a s s i s ta n t  who se ts  up 
a lab o ra to ry  experim ent o r one who may be grading papers 
fo r the in s t ru c to r .  The primary element of c o s t involved i s  
s t a f f  s a la r ie s .
3. Departmental Support Costs include  ad m in is tra tiv e  s a la r ie s ,  
nonacademic personnel s a l a r i e s ,  c u rre n t expenses, and a l l  
o th er departm ental co sts  which can not be d i r e c t ly  assigned 
to  the  b asic  departm ental fu n c tio n s .
4 . College Support Costs include ad m in is tra tiv e  s a la r ie s ,  non- 
academic personnel s a la r ie s ,  c u rren t expenses, and a l l  o ther 
co llege  co sts  which a re  devoted to  the support of the basic  
departm ental fu n c tio n s .
5. A dm inistra tion  Costs include a d m in is tra tiv e  s a la r ie s ,  non- 
academic personnel s a la r ie s ,  cu rre n t expenses, and a l l  o ther 
co sts  o f the general a d m in is tra tiv e  o ff ic e s  which a re  de­
voted to  the  support of the  b a s ic  departm ental fu n c tio n s .2 '
In s tru c tio n  c o s ts , as shown in  F igure IV, account fo r the la rg e s t  
p o rtio n  of the o p e ra tin g  expend itu res o f the u n iv e rs ity . Although
27Asa S. Knowles, e d .,  Handbook o f  College and U n iv ers ity  Adminis­
tr a t io n -G e n e ra l  (New York: McGraw-Hill Book Company, 1970), pp. 8*199.
FIGURE IV 
Total Higher Education Expenditures 
1971-72—$26.5 billion
,J*%
aa.1*
SOURCE: Velma A. Adams, "The Cost o f
Higher Education, 1971-72," 
College Management. VII (January , 
1972), p . 11.
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h is to r ic a l ly  these  co sts  exceed 32 percen t of the t o t a l  expenditures
28fo r  h igher education , our concern is  no t w ith h i s to r ic a l  in s tru c tio n a l 
c o s ts . Hie co sts  re le v a n t to  decision-m aking in  the u n iv e rs ity  environ­
ment a re  th e  in s t ru c t io n a l  co sts  re la te d  to  se le c te d  "What I f  . . . ? "  
a l te rn a t iv e s .  Such in s tru c t io n a l  co sts  may be generated  by computer 
sim u la tion  of a u n iv e rs ity  co st model fo r  management d ec is ion  purposes.
SUMMARY
The u n iv e rs ity  since  i t s  in cep tio n  has had the primary ob jec tiv e  
of conserv ing , augmenting, and prom ulgating a l l  h igher knowledge. Al­
though th e re  are  g re a t d iffe ren c e s  in  the sp e c if ic  means by which the 
an c ien t and modern u n iv e rs ity  define  and pursue these  o b jec tiv e s , these 
d iffe re n c e s  tend to  be more in  the l e t t e r  than in  the  s p i r i t  of the 
u n iv e r s i ty .  The prim ary functions performed by the  u n iv e rs ity  in  achiev­
ing i t s  o b jec tiv e s  a re  in s tru c t io n , re sea rch , and p u b lic  se rv ice .
The prim ary o b jec tiv e  of the modern u n iv e rs ity  i s  to  perform i t s  
b asic  fu n c tio n s in  consonance w ith the  goals of la rg e r  pub lic  in te r e s ts  
and so c ie ty . In  order to  accomplish th is  o b je c tiv e , u n iv e rs ity  manage­
ment must p lan , o rgan ize , and co n tro l the a c t iv i t i e s  o f the in s t i tu t io n .  
Although the  board of t ru s te e s  are  a p a r t  of the u n iv e rs ity  decision  
framework, the f i r s t  l in e  management o f a u n iv e rs ity  c o n s is ts  p rim arily  
of a d m in is tra to rs , fa c u lty , and s tu d e n ts . As re la te d  to  the u n iv e rs ity  
power s t ru c tu re ,  th is  l i s t i n g  of p a r t ie s  involved in  the decision  process 
i s  in  decending o rd e r.
Higher education  in s t i tu t io n s  face the problem of explain ing
28 Velma A. Adams, "The Cost of Higher Education, 1971-72." "College 
Management. VII (January , 1972), pp. 10-15.
themselves econom ically. In order to  achieve more e f f i c ie n t  o p e ra tio n s , 
the u n iv e rs ity  w il l  have to  su b je c t i t s e l f  to  so p h is tic a te d  c o s t pro­
je c tio n  and an a ly s is  techniques. E sp e c ia lly , the u n iv e rs ity  w i l l  have 
to generate  re le v a n t in s tru c t io n a l  co st in form ation  fo r  use in  the 
decision  p ro cess . Such costs  may be p ro jec ted  by computer sim ula tion  
of a u n iv e rs ity  co st model.
Chapter I I I  d iscusses the  e s s e n t ia ls  o f sim u la tion  and models. 
I t  i s  revealed  th e re in  how a model may be b u i l t  and v a lid a te d  fo r the 
generation  o f sim ulated oost in fo rm ation . In  a d d itio n , Chapter I I I  
in d ic a te s  how sim ulation  modeling may be u se fu l in  the u n iv e rs ity  en**> 
vironment to generate  co st in form ation  fo r  decision-m aking purposes.
CHAPTER I I I
SIMULATION MODELS AND TECHNIQUES
With the development o f modern e le c tro n ic  computers, s im u la tion  
promises to  be an im portant to o l fo r  decision-m aking under cond itions 
o f u n c e rta in ty . Because o f  i t s  tech n ica l n a tu re , however, s im u la tion  
in  most o rg an iza tio n s isy ,generally  c a rr ie d  ou t by s p e c ia l i s t s .  More­
o v e r ,  since  much of the l i t e r a tu r e  on sim ulation  i s  d ire c te d  towards 
these  s p e c ia l i s t s ,  execu tives o ften  find  i t  d i f f i c u l t  to  acq u ire  an 
understanding of sim u la tion  as a decision-m aking to o l .
The primary purpose o f th is  chapter i s  to  exp la in  the e s s e n t ia ls  
o f sim ulation  in  n o n -tech n ica l language th a t  i s  i n t e l l i g i b le  to  u n iver­
s i t y  ex ecu tiv es . In  a d d itio n , th is  chapter w i l l  d iscuss d e c is io n  models 
and computer s im u la tion  techniques which a re  u se fu l in  the  u n iv e rs ity  
d ec is io n  p rocess .
DECISION MODELS
D ecision models provide a b a s is  fo r so p h is tic a te d  p ro je c tio n  of 
co sts  in  u n iv e rs ity  o rg an iz a tio n s . These models a re  th e re fo re  u se fu l 
in  the u n iv e rs ity  d ec is io n  p ro cess . D efin itio n s o f a model, major 
types of models, and various aspec ts of model b u ild in g  a re  considered 
in  th is  se c tio n .
D e fin itio n  of Models
The s im p lest d e f in i t io n  contends th a t  "a model i s  a  re p re se n ta tio n
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of the re a l  system ."^ The concept o f a model i s  fundamental to  sc ien ­
t i f i c  Inquiry  in  any f ie ld  of knowledge. Recent in te r e s t  in  developing 
models o f u n iv e rs ity  opera tio n s r e f le c ts  a b e l ie f  th a t  ideas and 
methods of the p h y sica l sc iences can o ften  be app lied  to  the  problems 
confron ting  u n iv e rs ity  e x ecu tiv es . These ideas and methods cannot, 
however, be borrowed from the physical sc iences and app lied  in  p iece­
meal fadhion. As was learned  by model b u ild e rs  a ttem pting  to  model 
business o p e ra tio n s , a model must be based upon c r i t e r i a  which f i t  the 
environment w herein i t  w i l l  o p e ra te . I f  the concept of a model i s  to 
be m eaningful, i t  must be viewed in  the  con tex t o f s c i e n t i f i c  th ink ing  
about r e a l  world e v en ts . The model must consider methods o f re p re se n t­
ing , m easuring, and analyzing  r e a l  world ev en ts , and the v a l id i ty  of 
re s u l ts  derived  from such a n a ly s is .
In  the  most genera l sense , a model i s  a device used to rep resen t 
something e ls e .  A map rep re sen tin g  a se c tio n  o f coun tryside  i s  a model. 
In  th is  very  genera l sen se , a l l  human percep tions o f r e a l i t y  and re la te d  
a b s tra c tio n s  a re  m odels. The b a s is  idea o f re p re se n tin g  o b jec ts  and 
events w ith models i s  dep ic ted  by the diagram in  F igure V. In  th is  
diagram, the l e f t  s id e  p o rtray s  the r e a l  world o f ph y sica l o b jec ts  and 
even ts , p rocesses invo lv ing  the o b jec ts  and ev en ts , and the r e s u l ts  of 
such p ro cesses . The r ig h t  s id e  dep ic ts  the  a b s tra c t  world o f models 
used to  rep re se n t r e a l  world jfrrrocesses. The two p o in ts  o f correspon­
dence in  the diagram a re  the re p re se n ta tio n  of r e a l  world o b jec ts  and
■*\Joe H. Mize and J .  Grady Cox, E sse n tia ls  of S im ulation (Engle­
wood C l i f f s ,  New Je rse y : P re n tic e -H a ll, I n c . ,  1968), p . 1
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FIGURE V
Correspondence Between a Model and the “Real World”
" Reol World11 Model
Representation 
» (M odel-Building) 
Exam ple: Counting
Reol World Relationships 
and Proceteee 
Exompie: Combining Groups
Operations on Models 
Example: Addition
Application of 
Model Resulte
Objects ond Events 
Example: Groups of Men
Real World Results
Exompie: Size of 
Combined Croup
Model
Representation
Exam ple: Numbers
Exompie: Sum of Numbers
SOURCE: Robert D. B uzzell, Mathematical Models and
M arketing Management (Boston, M assachusetts: 
D iv ision  o f Research, Graduate School of 
Business A dm in istra tion , Havard U n iv e rs ity ,
1 9 6 4 ) ,  p .  1 0 .
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2events by a model and the a p p lic a tio n  of r e s u l ts  derived from a model.
What I t  means fo r a model to rep re se n t r e a l i t y  can be I l l u s t r a ­
ted In terms of the concepts o f counting , numbers, and a rith m e tic . 
Although the example used i s  fam ilia r  to  many people, i t  serves to  b rin g  
o u t most of the key issu es  involved in  developing and using even the 
most complex models.
Suppose two groups o f men want to  go on a t r ip  to g e th e r . One 
way to  reso lve  the q uestion  i s  fo r  the men to  try  to  g e t in to  a  v e h ic le .
But i t  may be much e a s ie r  to  rep re se n t each group by a number through
the o p e ra tio n  of counting; say there  a re  3 men in  one group and 2 men 
in  the o th e r . To determ ine the  s iz e  o f the combined groups we ca rry  
ou t the  fa m ilia r  process o f a d d itio n , i .  e . ,  3 + 2 = 5 .  J u s t  as th e re  
i s  a correspondence between each group and the number used to  rep re se n t 
i t ,  so i s  th e re  a correspondence between the a b s tra c t  o p era tio n  of 
a d d itio n  and the ph y sica l o p era tio n  o f combining the two groups.
Re3bying on th is  correspondence, we know th a t  the r e s u l ts  o f 
c a rry in g  out opera tions on the model w il l  correspond to  the r e s u l ts  o f 
p h y sica l combination—th a t i s ,  the s iz e  o f the combined group w i l l ,  in  
f a c t ,  be equal to  5. Now i f  we have one a d d itio n a l p iece  o f  inform ation  
—the cap ac ity  of the autom obile in  terms o f number o f passengers—then 
the  a n a ly s is  o f the model has enabled us to  solve the problem and take
3
whatever a c tio n  th a t  may be a p p ro p ria te .
Undoubtedly the o ld e s t  business model i s  the b asic  accounting
^Robert D. B uzzell, M athematical Models and M arketing Management 
(Boston, M assachusetts: D iv ision  o f Research, Graduate School o f Business 
A d m in is tra tio n , Harvard U n iv e rs ity , 1964), pp. 10-11.
3I b ld .
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equation . A c t iv i t ie s  and f in a n c ia l p o s it io n  of a business a re  represen ted  
in  accounting by symbols, and the symbols are  m anipulated a r ith m e tic a lly  
to reach conclusions about the a c t iv i t i e s  and th e i r  r e la t io n s h ip s .  The 
b asic  accounting equation  i s  an elem entary model of business stocks and 
flow s:
A ssets =* L ia b i l i t i e s  + Owners E quity  + Revenues -  Expenses 
Most executives are  fa m ilia r  w ith th is  equation , bu t they seldom recog­
nize i t  as a model o f the business firm .
According to  American Accounting A ssoc ia tion  re p o r ts ,  models 
are simply defined  a s : "a d ep ic tio n  of the re la tio n sh ip s  among the recog­
nized fa c to rs  in  a p a r t ic u la r  s i tu a t io n ;  i t  emphasizes the  key in te r r e la ­
tio n sh ip s  and freq u e n tly  omits some unim portant fa c to r s .-^
Although models cannot d u p lica te  r e a l i t y ,  they can reduce a 
complex system to  manageable p roportions by a b s tra c tin g  only the e s se n tia l  
re la tio n s h ip s . As s ta te d  by Buffa:
Once the an a ly s t has achieved a p a ra lle lism  between the re a l  
world s i tu a t io n  and h is  model, i t  i s  u su a lly  e a s ie r  to  m anipulate 
the model to  study the c h a ra c te r is t ic s  in  which he is  in te re s te d  
than i t  i s  to  t ry  to  work w ith the r e a l  world system.
By a b s tra c tin g  from the r e a l  world system the a n a ly s t can focus 
h is  a t te n t io n  on a much sim pler system w ithout g re a t lo ss  because 
some d e ta i l s  have been ignored.
A model i s  u se fu l in  a p a r t ic u la r  sense when i t  a ccu ra te ly  d u p li­
ca tes  the behavior of the r e a l  world system . I f  a model does not 
accomplish th i s ,  i t  i s  u se fu l only in so fa r  as i t  provides inform ation 
and in s ig h t in to  the development of the new model.^
4
American Accounting A ssoc ia tion , Committee on M angerlal Decision 
Models, "Report of the Committee on M anagerial D ecision M odels," The 
Accounting Review. Supplement to  Vol. XLIV, 1969, p . 44.
^Ellwood S. B uffa, Models fo r  Production and O perations Manage­
ment (New York: John Wiley & Sons, I n c . ,  1963), pp. 9-10.
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Although models purport to  rep re sen t the system under study, 
models do no t rep re sen t a l l  aspects of the r e a l  system . There u su a lly  
are fea tu re s  of the  re a l  system th a t are om itted , a l te r e d ,  abb rev ia ted , 
or otherw ise approximated In the model. One model may be a physical 
re p lic a  of the system, whereas another may be an e n t i r e ly  symbolic re p re ­
s e n ta tio n . Any model, reg a rd less  of accuracy, com pleteness, and d e ta i l  
succeeds in  rep re sen tin g  only p a r t  of the  r e a l  system .
Type8 of Models
Models may be d is tin g u ish ed  by th e ir  correspondence to  the r e a l  
system being modeled. Many types of models have been used in  system 
s tu d ie s  and have been c la s s i f ie d  in  a number of ways. Models may be 
divided i n i t i a l l y  in to  physica l and symbolic models as i l l u s t r a te d  in  
Figure VI. Symbolic models co n s is t of v e rb a l and m athem atical models. 
M athematical models may be subdivided in to  d e te rm in is tic  models and 
p ro b a b i l is t ic  models. In  tu rn , these models may be fu r th e r  subdivided 
in to  a n a ly tic a l  and num erical models. Use of v a rio u s  model types is  
in d ica ted  by the nature of the system being studied.**
D eterm in istic  models. In  d e te rm in is tic  models, exogenous and 
endogenous v a ria b le s  are  no t perm itted  to  be random v a r ia b le s ,  and 
opera ting  c h a ra c te r is t ic s  a re  assumed to  be exac t re la t io n s h ip s . Systems 
rep resen ted  by d e te rm in is tic  models a re  devoid of u n c e r ta in ty , and 
changes of s ta te  can be p e rfe c tly  p red ic te d . D e term in istic  models can 
be solved a n a ly tic a l ly  by m athematical techn iques.
A thorough d iscussion  of various types o f models may be found 
in  C lif fo rd  H. Springer, Robert E. H e rlith y , and Robert I .  Beggs, 
Advanced Methods and Models (Homewood, I l l i n o i s :  R ichard D. Irw in , I n c . ,
1965)'.
FIGURE VI
CLASSIFICATION OF MODELS
MODELS
PHYSICAL"<
SYMBOLIC
ANALOG
VERBAL
MATHEMATICAL'
DETERMINISTIC
PROBABILISTIC
NUMERICAL
"ANALYTICAL
NUMERICAL
SOURCE: Adapted from C liffo rd  H. Springer, Robert E. H erlihy , and Robert I .  Beggs, Advanced
Methods and Models (Homewood, I l l i n o i s :  Richard D. Irw in, In c . ,  1965), pp. 1-14.
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T rad itio n a l models in  microeconomic theory are d e te rm in is tic  in  
th a t  complete c e r ta in ty  i s  an im p lic i t  assum ption. In  p ra c t ic e , how­
ev er, there  i s  d i f f ic u l ty  in  id e n tify in g  and e stim atin g  the num erical 
va lues fo r  defined and unvarying co n d itio n s .^  Y et, accountants and b u s i­
ness executives freq u en tly  r e ly  upon models which assume cond itions of 
u n c e r ta in ty . The l in e a r  assum ption in  the  break-even model assumes th a t 
v a r ia b le  co sts  can be p e r fe c t ly  p red ic te d :
Break-Even Sales =» Fixed Costs + V ariable Costs 
More r e a l i s t i c l y ,  however, i t  i s  re a liz e d  th a t  v a ria b le  co sts  may be p re ­
d ic ted  only w ith in  c e r ta in  re lev an t: ran g e s . O perations ou tside  these 
c o n s tra in ts  may r e s u l t  in  v a r ia b le  co s ts  th a t  do not behave in  a l in e a r  
manner.
P ro b a b ilis t ic  models. In  p ro b a b i l is t ic  models, th e  cond ition  of 
u n c e rta in ty  i s  e x p l ic i t ly  recogn ized , ftiese models, th e re fo re , rep re sen t 
s to c h a s tic  processes involv ing  random v a r ia b le s .  Because p ro b a b i l is t ic  
models a re  complex, the number o f a n a ly tic a l  techniques a v a ila b le  fo r 
so lv ing  these models is  l im ite d . For th is  reason , sim u la tion  is  an a t ­
t r a c t iv e  method fo r analysing  and so lv ing  p ro b a b i l is t ic  models. Simula-
Q
tio n  i s  the use of a model to  produce a s ta te  h is to ry  of the model.
Inform ation c h a ra c te r is t ic s  o f p ro b a b i l is t ic  and d e te rm in is tic  
models d i f f e r .  The so lu tio n  or p rocessing  of a p ro b a b i l is t ic  model does 
no t prorvide an optim al s o lu tio n . I f  a s to c h a s tic  process i s  modeled by
^E. F. Beckenbach ( e d .) ,  Modern Mathematics fo r  the Engineer (New 
York: McGraw-Hill Book Company, 1956), p . 213.
8George W. Evans, Graham F . W allace, and Georgia L. Sutherland , 
S im ulation  Using D ig ita l Computers (Englewood C l i f f s ,  New Je rsey : 
P re n tic e -H a ll, I n c . ,  1967), p . 6.
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t ra c in g  probable fu tu re  system s t a te s ,  there  is  never complete assurance 
th a t  v a r ia b le s  w il l  take on the sequence of values sp e c if ie d  by model 
o u tp u ts . A system model s y n th e tic a lly  produces fu tu re  e v en ts . Thus, we 
may ask : "What would be the s ta te  of the  system i f  a p a r t ic u la r  decision  
were made?" The answers a re  in ferences based on observations of ex p eri­
ments w ith the model.
Suppose one wants a model fo r  the p re d ic tio n  of s a le s .  I t  may 
be sa id  th a t  sa le s  appear to  increase  in  d ire c t  p ro p o rtio n  to  a d v e r t is ­
ing bu t th a t th e re  i s  random v a r ia t io n .  I f  the model b u ild e r  wishes to  
sp e c ify  h is  model, he must fin d  some means fo r d ep ic tin g  the r e la t io n ­
sh ip  which he b e liev e s  to e x is t .  The model thus sp e c if ie d  would in d ica te  
the  dependent v a r ia b le  th a t i s  to  be p red ic te d , the independent v a r ia b le s , 
and how they are re la te d  to  each o th e r . The u sefu lness of the model w il l  
depend upon whether o r not the  v a ria b le s  se lec ted  prove to  be p e rtin e n t 
and w hether the  re la tio n s h ip  sp e c if ie d  in  f a c t  p re v a i ls .  The b e t te r  the 
model b u i ld e r 's  understanding  of the sa le s  phenomena the h ig h er the 
p ro b a b il i ty  th a t  h is  model w il l  be u se fu l fo r  p re d ic tio n  purposes.
Model B uilding
Models may rep resen t a process in  sev era l p o ss ib le  ways, depend­
ing on the purposes of the model, degree o f accuracy re q u ire d , and the 
s k i l l  and im agination of the model b u ild e r . Problems of b u ild in g  mathe­
m atica l models involve c re a tin g , developing, and te s t in g  phases.
Although th e re  i s  no standard ized  procedure fo r  b u ild in g  m odels, Church­
man, Ackoff, and Arnoff suggest the follow ing b asic  p rocedures:
1. D efining the problem.
2. Form ulating the model.
3. V a lid a tin g  the model.
4 . P rocessing  the model.
5. Analyzing the  r e s u l ts .^
Defining the problem. In  model bu ild in g  a c t iv i ty ,  the  f i r s t  
requirem ent i s  to  have a c le a r  statem ent o f the problem to  be analyzed. 
O therw ise, i t  i s  im possible to  make the many sim p lify ing  assumptions 
th a t  are needed to  form ulate a manageable m athem atical model. I f  
management problems a re  viewed as choices among a l te rn a t iv e s ,  a p re req ­
u i s i t e  fo r  model b u ild in g  is  an accura te  and reasonably  complete s t a t e ­
ment of the a l te rn a t iv e s  a v a ila b le . Determining these  a l te rn a t iv e s  in  
a s p e c if ic  problem is  a d i f f i c u l t  ta sk .
D if f ic u lty  in  defin ing  choices a r is e s  p a r t ly  because the number 
of d ec is ion  a l te rn a t iv e s  may be very  g re a t .  A second d i f f ic u l ty  in  
defin ing  a l te rn a t iv e s  i s  th a t  the choices may no t be in tu i t iv e ly  obvious. 
Although the system atic  d e f in i t io n  of a l te rn a t iv e s  i s  u su a lly  l e f t  to  
the im agination and judgment of execu tives , the process o f model b u ild ing  
may lead to  the  d iscovery  of new a l te rn a t iv e s .
Form ulating the model. The b asic  form of a m athem atical model 
i s  expressed as:
E °  F ( x p  x£,  • • • ,  y^,  y£» •••» ym) .
In  th is  qquation , E is  a measure of e ffe c tiv e n e ss  or degree of accomp­
lishm ent of o b je c tiv e s . E ffec tiv en ess  i s  expressed as a function  of 
sev era l c o n tro lla b le  v a ria b le s  ( th e  x 's )  and se v e ra l u n co n tro llab le  
v a r ia b le s  ( th e  y 's ) .  For a given or p red ic ted  s e t  o f x 's ,  management’ s
Q
7C. West Churchman, R ussell L. Ackoff, and E. Leonard A rnoff, 
In tro d u c tio n  to  O perations Research (New York: John Wiley & Sons, I n c . ,
1957).
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problem Is  to  choose a s e t  o f y 's  th a t w ill  maximize E. Defining an 
ap p ro p ria te  measure of e ffe c tiv e n e ss  req u ire s  s ta t in g  the problem ob­
je c tiv e s  and procedures fo r measuring th e i r  a tta in m en t.
Form ulating m athem atical models i s  an a r t ,  not a sc ien ce . The 
process o f observing a system, form ulating  hypotheses about system 
behavior, and reducing these  hypotheses to  ap p ro p ria te  a b s tra c tio n s  
cannot be p resc rib ed  in  advance fo r every s i tu a t io n .
Knowledge of the system being analyzed and p ro fic ien cy  in  math­
em atics a re  necessary  cond itions fo r  co n stru c tin g  v a lid  mathematical 
m odels. A dd itiona l co n sid era tio n s underlying the  form ulation of v a lid  
m athem atical models include:
1. Complexity and rea lism  of the model.
2 . Computational e ff ic ie n c y  o f the  model.
3. C om patib ility  o f the model w ith experiments.*®
Too few exogenous v a ria b le s  may lead  to  in v a lid  models whereas 
too many exogenous v a ria b le s  may render computer sim u la tion  im possible 
because of in s u f f ic ie n t  computer memory capac ity  or make com putational 
programs u n n ecessa rily  com plicated. I f  the model i s  to  give reasonably 
good p re d ic tio n s  of the behavior o f the  system in  fu tu re  time periods , 
there  must be an ap p ro p ria te  balance between the number of v a ria b le s  
included in  the model. Our primary o b jec tiv e  in  form ulating  models is  
to  enable us to  conduct sim ula tion  experim ents, th e re fo re , considerable 
thought must be given to  the p a r t ic u la r  type of experim ental design 
fe a tu re s  th a t  must be b u i l t  in to  our models.
*®Thomas H. N aylor, Joseph L. B a lin tfy , Donald S. Burdick, and 
Kong Chu, Computer S im ulation Techniques (New York: John Wiley & Sons,
I n c . ,  1968), pp. 29-33.
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V alid a tin g  the model. V alidation  " is  the process of b u ild in g  an 
accep tab le  le v e l of confidence th a t  an in ference about a sim ulated 
process i s  a c o rre c t or v a lid  in ference  fo r the ac tu a l p r o c e s s ." ^  The 
problem of v a lid a tin g  models is  indeed a d i f f i c u l t  one because i t  in ­
volves a h o st of p r a c t ic a l ,  th e o re t ic a l ,  and even ph ilo soph ica l complexi­
t i e s .  Many of these com plex ities have been debated by s c ie n t i s t s  fo r  
cen tu rie s  w ithout reaching a consensus of agreement. In  s p i te  of the 
com plex ities, v a lid a tio n  should always be attem pted , because, however 
inconclu sive , i t  does provide a check a g a in st the g rosser e r ro r s ,  and
gives the model b u ild e r confidence to  go on and use the model fo r  p re ­
d ic t iv e  or o th er purposes.
A model i s  considered v a lid  i f  i t  produces r e s u l ts  th a t  a re  very  
c lose  to  the r e s u l ts  th a t  would be produced by the r e a l  world system 
the model i s  supposed to  re p re se n t. According to  Naylor, two t e s t s  are  
ap p ro p ria te  fo r  v a lid a tin g  s im u la tion  models:
1. How w ell do the sim ulated values of the endogenous v a ria b le s
compare with known h i s to r ic a l  da ta , i f  h i s to r ic a l  data are  
av a ilab le?
2. How accura te  a re  the sim ulation  m odel's p red ic tio n s  of the 
behavior of the r e a l  system in  fu tu re  time p e r io d s .12
Several approaches to  h i s to r ic a l  v e r i f ic a t io n  have been suggested 
by opera tions re sea rch e rs  and economists who have acquired considerab le  
experience in  the design o f s im u la tion  experim ents. Holt has viewed 
the h i s to r ic a l  approach in  th is  manner:
^ R ic h a rd  L. Van Horn, "V alida tion  of Sim ulation R e su lts , '' Manage 
ment Science . XVII (January , 1971), p . 247.
12Thomas H. Naylor and Others, 0j>. Cit., p. 40.
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The f i r s t  question  to  explore is  how w ell the model f i t s  known 
d a ta . Of course, no model i s  expected to  f i t  the data ex ac tly , 
the question  is  whether the  re s id u a l e r ro rs  are  s u f f ic ie n t ly  sm all 
to  be to le ra b le  and s u f f ic ie n t ly  unsystem atic to  be tre a te d  as 
random. ^
The u ltim ate  t e s t  o f a computer s im u la tion  model is  the degree 
of accuracy w ith which the model p re d ic ts  the  behavior o f the a c tu a l 
system in  the fu tu re . This i s  not to  say th a t  a l l  computer sim ula tion
models are capable of y ie ld in g  accu ra te  fo re c a s ts  about the fu tu re . Ac­
cording to  Reichenbach:
A statem ent about the fu tu re  cannot be u tte re d  w ith the claim  
th a t i t  is  tru e ; we can always imagine th a t  the con tra ry  w il l  happen, 
and we have no guarantee th a t  fu tu re  experience w il l  no t p resen t to  
us as r e a l  what i s  im agination  today. A p re d ic tio n  of fu tu re  
experiences can be u tte re d  only in  the sense of a t r i a l ;  we bake i t s  
po ssib le  falsehood in to  account, and i f  the  p re d ic tio n  tu rn s out to  
be wrong, we are ready fo r  another t r i a l .  The method o f t r i a l  and 
e rro r  is  the only e x is tin g  instrum ent of p r e d ic t io n .^
Processing the  model. A so lu tio n  to  a m athem atical model consisbs
of a determ ination  of what d e c is io n  i s  op tim al, or a comparison of the 
r e s u l ts  of two or more a l te rn a t iv e  d e c is io n s , o r a de term ination  of one 
o r more s a t is fa c to ry  d e c is io n s . Models may d e sc rib e , p re d ic t ,  op tim ize, 
or perm it a n a ly tic a l  m anipu lation . The procedure used in  so lv ing  a 
model depends p a r t ly  on the kind of so lu tio n  wanted and p a r t ly  on the 
form and complexity of the model i t s e l f .
Two basic  methods fo r  so lu tio n  a re  a n a ly s is  and s im u la tio n . I f  
an optim al p o licy  i s  sought, then  id e a lly  an a n a ly tic  so lu tio n  method 
i s  used. Except in  sp e c ia l c ase s , sim u la tion  cannot be used to  derive  
optim al p o lic ie s  but can provide a b a s is  fo r  comparing sev e ra l a l te rn a t iv e s
13Ib id . .  p . 317.
*^Hans Reichenbach, The R ise of S c ie n t i f ic  Philosophy (B erkeley, 
C a lifo rn ia :  U n iv e rs ity  of C a lifo rn ia  P re ss , 1951), p . 241.
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or determ ining whether a given decision  is  s a t is f a c to ry .  S im ulation is  
g en era lly  employed to  derive  so lu tio n s  to  models th a t  a re  too complex 
to  solve a n a ly t ic a l ly .  Computer s im u la tion  techniques are  d iscussed  in  
a l a te r  s e c tio n .
Analyzing the r e s u l t s . The f in a l  s te p  in  model b u ild in g  c a l ls  
fo r a n a ly s is  and in te rp re ta t io n  of data generated by computer. Although 
the a n a ly s is  o f sim ulated data is  indeed s im ila r  to  the an a ly s is  o f r e a l  
world d a ta , Teichroew has pointed ou t th a t  the a n a ly s is  of computer 
sim ula tion  data  i s  considerab ly  more d i f f i c u l t  than the a n a ly sis  of r e a l  
world d a ta . ’*'"* The degree of accuracy of sim ulated data  is  always su b je c t 
to  question  and makes the an a ly s is  ta sk  more d i f f i c u l t  to perform .
There i s  considerab le  disagreem ent over the ap p ro p ria te  methods 
of analyzing  data  generated  by sim ula tion  m o d e ls .^  U n certa in tie s  
about the proper methods of analyzing  sim ulated data  a re  accompanied by 
u n c e r ta in tie s  as to  the in te rp re ta t io n  of the r e s u l ts  of the an a ly ses .
In  p a r t ic u la r ,  i t  i s  d i f f i c u l t  to  j u s t i f y  g en era liz in g  from the r e s u l ts  
obtained from a sim ula tion  study. Bonini expresses the problem th is  way:
Even when one c o n stru c ts  a computer model of a sp e c if ic  o rg an i­
z a tio n  i t  is  a form idable task  to  ev a lu a te  the  u t i l i t y  o f the  
re p re se n ta tio n . /H ow ever^ ..................................................................................'
the in v e s tig a to r  must e n l i s t  support fo r  the c r e d ib i l i ty  o f h is  
model, e i th e r  by argument or dem onstration , before a ttem pting  the 
p re se n ta tio n  of su b s tan tiv e  r e s u l t s .^
^ D a n ie l Teichroew, "A H isto ry  o f D is tr ib u tio n  Sampling P r io r  to  
the  Era of .the Computer and I t s  Relevance to  S im ulation ," American 
S t a t i s t i c a l  A ssocia tion  Jo u rn a l. LVIII (March, 1965), pp. 27-49.
W. Conway, "Some T a c tic a l Problems of D ig ita l S im ulation ,"  
Management Science. XII (October, 1 9 6 3 ),.p. 47.
17C. P. Bonini, R. K. Jaed icke , and H. M. Wagner ( e d s .) ,  Manage­
ment C ontrols (New York: McGraw-Hill Book Company, 1964), p . 140.
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Much e f f o r t  needs to be d ire c te d  toward answering m ethodological ques­
tio n s  about the design of sim u la tion  experim ents and the a n a ly s is  and 
in te rp re ta t io n  of sim ulation r e s u l t s .  At p re se n t, we are  lim ited  to  
making sp e c if ic  inferences about the p a r t ic u la r  system being s tu d ied .
COMPUTER SIMULATION TECHNIQUES
Sim ulation i s  being used in c re as in g ly  to  solve o p e ra tio n a l
problems in  business firm s as w ell as to  increase  understanding of
phenomena. I t  o ffe rs  d i s t in c t  o p p o rtu n itie s  fo r  problem -solving and
decision-m aking in  higher education  in s t i tu t io n s .  Sim ulation c o n s ti-
19tu te s  an approach which i s  d i s t in c t ly  d i f f e r e n t  from model b u ild in g , 
a lthough many of the techniques in  model b u ild in g  can be used in  simu­
la t io n  p rocesses. This se c tio n  w il l  s e t  fo r th  a d e f in i t io n  of s im ula tion , 
and consider the in te rfa c e  between models and sim u la tion . The nature of 
computer sim ulation  and the reasons fo r using  i t  w i l l  a lso  be d iscussed .
D e fin itio n  o f Sim ulation
Shubik 's d e f in itio n  of sim u la tion  i s  ty p ic a l of the more popular 
d e f in i t io n s :
A sim ulation  of a system or an organism is  the op era tio n  of a 
model o r sim ulator which is  a re p re se n ta tio n  of the system or 
organism. The model is  amenable to  m anipulations which would be 
im possible, too expensive or im p ra c tica l to  perform on the e n t i ty  i t  
p o r tra y s . The opera tion  of the model can be s tud ied  and, from i t ,  
p ro p e rtie s  concerning the  behavior of. the  a c tu a l system or i t s  sub­
systems can be in fe rre d .
Ip
* Joe H. Mize and J .  Grady Cox, 0|>. C i t . . p. 167.
*^Paul H. Rigby, Models in  B usiness A nalysis (Columbus, Ohio:
Charles E. M e rr ill  Publish ing  Company, 1969), p . 11.
^®Martin Shubik, "Sim ulation o f the In d u stry  and the F irm ," American 
Economic Review. L (December, 1960).
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On the o th er hand, the f i r s t  issu e  of Sim ulation contained a
d e f in i t io n  which tends to  blend the d e f in i t io n  of sim ulation  w ith th a t
o f a model, "Sim ulation i s  the a c t of rep re se n tin g  some aspec ts of the
r e a l  world by numbers or symbols which may be e a s i ly  m anipulated to
21f a c i l i t a t e  th e i r  s tu d y ."  A sim ula tion  i s  no t i t s e l f  a model but i t
may use models. S im ulation im plies the ex is ten ce  of a model which con-
22ce iv ab ly  might be sp e c if ie d , id e n t i f ie d , and m anipulated.
Nature of Computer S im ulation
Computers a re  e le c tro n ic  systems which may be used to  implement 
the id e a liz e d  re la tio n sh ip s  of m athem atical m odels. Computer a p p lic a ­
tio n s  f a l l  in to  th ree  broad a re a s . F i r s t ,  used as system components 
fo r  in strum en ta tion  and c o n tro l , computers fo rce  a process system to 
a c t  s im ila r  to a m athem atical model. Secondly, problem -solving com­
p u te rs  so lve equations, in v e r t  m atrices , and analyze d a ta  to  produce 
reams of num erical answers or make simple branch-type d e c is io n s . The 
th ird  mode of a p p lic a tio n , computer s im u la tio n , employs analog, d ig i t a l ,  
o r hybrid  computers as l iv e  m athem atical models fo r  experim entation 
purposes.
The o b jec tiv e  of such experim entation can be design , resea rch , 
ed u ca tio n , o r management t ra in in g . In  each case , the sim ulated system 
goes through a sequence o f s t a te s ,  enabling the  experim enter to become 
fa m ilia r  w ith the o p e ra tio n  of model and system , includ ing  the e f fe c ts
^ J o h n  McLeod, "Sim ulation i s  W ha-a-at?," S im ulation; The Dynamic 
Modeling of Ideas and Systems w ith Computers (E dited by John McLeod; New 
York: McGraw-Hill Book Company, 1968), p . 4 .
^Paul H. Rigby, 0j>. Clt.. p. 61.
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of d if f e r e n t  in p u ts , param eter changes, and o ther m o d ifica tio n s . In  
th is  regard , the e s s e n t ia l  fe a tu re  o f sim u la tio n  is  meant to  produce 
in s ig h t  in to  the opera tion  through a su b tle  in te rp la y  between sub jec­
t iv e  estim ates and a n a ly s is  of the  system modeled.
This study is  concerned w ith  those a p p lic a tio n s  of s im ula tion  
which make use of d ig i ta l  com puters. S im ulation of th is  type is  u su a lly  
c a lle d  d ig i t a l  computer s im u la tio n . The man/machine in te r fa c e  in  
d ig i t a l  computer sim ulation  allow s man to  feed inpu t in to  the computer 
and rece ive  immediate output response regard ing  various "What I f . . . ? "  
s i tu a t io n s .  In  such a s i tu a t io n  man i s  constra ined  to  fu rn ish  d is c re te  
q u a n tif ie d  data  to  the computer and accep t d is c re te  q u a n tif ie d  r e s u l ts .
A symbolic model i s  capable of ab ru p tly  changing from one c le a r ­
ly  id e n t i f ia b le  s ta te  to  some o th e r c le a r ly  in d e n tif ia b le  s t a te .  In  
applying sim u la tion , the computer sim u la tio n  program is  re la te d  to  the  
model and to  the modeled system by v ir tu e  o f the f a c t  th a t  the  program 
causes the computer to  produce a s p e c if ic  s ta te  h is to ry . This is  a 
s ta te  h is to ry  of the model bu t i t  i s  regarded as a s ta te  h is to ry  o f the 
system being modeled. As a r e s u l t  o f  each event occurrence, the computer 
ro u tin e  produces some form o f s ta te  d e sc r ip tio n  of the model. The 
sim u la tion  model r e s u l ts  provide the b a s is  fo r  in ference  regard ing  the 
s ta te  o f the r e a l  system.
Reasons fo r Computer Sim ulation
The technique of sim u la tion  i s  q u ite  o ld  and r e a l ly  very fam il­
i a r .  S im ulation techniques were in stru m en ta l in  the development o f the 
postwar aerospace industry  and a re  con tinu ing  to  p en e tra te  process 
in d u s tr ie s ,  b io lo g ic a l sc ien ces , and o p era tio n s re sea rch . Uses of
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sim ula tion  a re  as broad as human endeavor I t s e l f .  At the s t a r t  o f a 
com pletely new p ro je c t,  crude sim u la tion  of a l te rn a te  models i s  the  r e ­
se a rc h e r 's  f i r s t ,  f a l te r in g  s tep  o f se lf-e d u c a tio n . In  a d d itio n , the 
ou tpu t from one p ro je c t may w ell provide inpu t fo r sim ulation  of fu tu re  
p ro je c ts .
Although the p r in c ip a l reason fo r  choosing computer sim ula tion  
may be i t s  a b i l i ty  to  overcome the d i f f i c u l t i e s  involved in  implementing 
the  s c i e n t i f i c  method, there  a re  se v e ra l o ther reasons underly ing  the 
use o f computer sim ulation  includ ing :
1. S im ulation makes i t  p o ss ib le  to study and experiment w ith  
the complex in te rn a l  in te ra c tio n s  of a given system. I t  
can y ie ld  valuab le  in s ig h t  in to  which v a ria b le s  a re  more 
im portant than o th e rs  in  the system and how these v a ria b le s  
in te r a c t .
2 . Through sim ula tion  one can study the e f fe c ts  of c e r ta in  
in fo rm ationa l, o rg a n iz a tio n a l, and environm ental changes on 
the opera tion  o f a system by making a l te r a t io n s  in  the model 
of the system and observing the e f fe c ts  o f these a l te r a t io n s  
on the system 's behav io r.
3 . S im ulation can be used to  experim ent w ith new s i tu a t io n s  
about which we have l i t t l e  or no inform ation so as to  p re ­
pare fo r  what may happen. I t  allow s management to try  out 
new p o lic ie s  and d e c is io n  ru le s  fo r opera ting  a dynamic 
system in  e i th e r  r e a l  tim e, compressed tim e, o r expanded 
time before running the r i s k  of experim enting on the r e a l  
system.
4 . S im ulation makes g e n e ra l is ts  out of s p e c ia l i s t s .  A nalysts 
a re  forced in to  an a p p re c ia tio n  and understanding of a l l  
fa c e ts  of the system, w ith  the r e s u l t  th a t  conclusions a re  
le s s  a p t to  be b iased  by p a r t ic u la r  in c lin a tio n s  and le s s  
ap t to  be unworkable w ith in  the system framework.
5. Sim ulation can be used as a pedagogical device fo r  teach ing  
both s tuden ts  and p ra c t i t io n e r s  b asic  s k i l l s  in  th e o re tic a l  
a n a ly s is , s t a t i s t i c a l  a n a ly s is , and decision  making. ^
A p r in c ip a l reason fo r  computer s im ula tion  is  to  generate  data
23Thomas H. Naylor and Others, 0j>. Cit., pp. 8-9.
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for s to c h a s tic  models th a t a re  not so luab le  a n a ly t ic a l ly .  S im ulation is  
a means of studying re la tio n sh ip s  and developing a means fo r p re d ic tin g  
the behavior of v a r ia b le s .^ 4 The sim ula tion  o u tp u t, th e re fo re , may 
provide input fo r use in  so lv ing  a n a ly tic a l  models.
UNIVERSITY SIMULATION MODELING 
Managers in  higher education  have re c e n tly  turned to  sim ula tion  
models to sharpen th e i r  c o n tro l and understanding of th e ir  in s t i tu t io n s  
and of the e f fe c ts  of th e ir  d ec is io n s  on the course o f such massive and 
complex e n te rp r is e s . Many asp ec ts  o f sim u la tion  modeling a re  of sp e c ia l 
s ig n if ic an c e  to decision-m akers in  u n iv e r s i t ie s .  The o b jec tiv e s  o f simu­
la t io n  modeling and models fo r decision-m aking purposes a re  two im port­
a n t co n sid era tio n s .
O bjectives of Sim ulation Modeling in  U n iv e rs itie s
In  the absence of p r o f i t  measures and re la te d  in d ic a to rs  of 
e ff ic ie n c y , u n iv e r s i t ie s  must undertake se rio u s  a n a ly s is  of th e ir  
opera tions in  l ig h t  o f s p e c if ic ,  w e ll-d e fin ed  o b je c tiv e s . The develop­
ment and u t i l i z a t io n  of m athem atical models, r e la te d  to  the  problems 
faced by decision-m akers, o f fe r  one o f the most a p p ro p ria te  q u a n ti ta ­
t iv e  techniques now a v a ila b le  to  u n iv e r s i t ie s .  Through the  use of 
computer models, a l te rn a t iv e  courses of a c tio n  may be id e n t i f ie d  th a t  
w i l l  produce sp e c ified  o b je c tiv e s . At the  same tim e, the  r e la t iv e  c o s ts  
o f a l te rn a t iv e  courses o f a c tio n  can be determined by computer sim ula­
t io n .
24Paul H. Rigby, Loc. C i t .
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The valuable power of simulation is attained when various deci­
sions or system states are tested by modifying the parameters or relation­
ships and resimulating. Such modifications may be classified as either 
parametric or functional. Parametric simulations change the values of 
certain model elements. For example, it may be desirable to investi­
gate the behavior of the university system under a different set of 
student/faculty ratios. Functional simulations modify the relationships 
between model elements. As an example, one may consider changing the 
class sectioning relationship between the teaching and student maintenance 
sectors of the university. Perhaps using a different mathematical func­
tion is necessary to describe this new space allocation relationship.
While it is confounding to perform a large number of iterations 
simultaneously, it is obvious that many different configurations can be 
run on the computer by slightly changing the model. Thus, the univer­
sity decision-mpker can investigate alternatives in a "What If...?" 
fashion, and the model can be utilized to predict possible outcomes as 
a function of various inputs.
Simulation modeling can be an important and effective aid in 
higher education administration and management if such institutions 
can muster faith in simulation techniques and make a long-term commit­
ment to the task. There is a wide gap between the state of the art of 
model building and simulation in major universities and that in large 
corporations.^ Well-managed institutions of higher education must 
reconcile this discrepancy by either identifying the underlying reasons
^ A lb e r t  N. S chrieber ( e d .) ,  Corporate S im ulation Models (P rov i­
dence, Rhode Is la n d : College of Sim ulation and Gaming, 1970).
fo r i t  or i n i t i a t i n g  e f f o r t s  to  e lim in a te  i t
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Models fo r  U n iv e rs ity  Decision-Making
Models may be c la s s i f ie d  in to  optim izing and non-optim izing 
c a te g o r ie s . In  the a rea  of h igher education , most models are  sim ulation  
ra th e r  than o p tim iza tion  models. An o b jec tiv e  function  i s  not e x p l ic i t ­
ly  included and maximized in  sim u la tion  models. B a s ic a lly , sim ulation  
models a ttem pt to  a s so c ia te  cause w ith  e f f e c t ,  a c tio n  w ith  re a c tio n , or 
p o licy  w ith  r e s u l t  through the use of m athem atical form ulae. Some 
computer models perm it user in te rv e n tio n  a t  every s tag e  o f the c a lc u la ­
tio n s  to  modify the num erical r e s u l ts  or s t r u c tu r a l  form p rio r  to  sub­
sequent c a lc u la t io n s ;  o th er models a re  autonomous and au tom atica lly  
sim ulate  the system fo r  the chosen time p erio d . S im ulation models may 
be d e te rm in is tic  or p r o b a b i l i s t ic ,  depending upon th e i r  treatm ent of 
u n c e rta in ty  co n d itio n s . P ro b a b i l is t ic  models a re  more ap p licab le  to  
in s t i tu t io n s  of h igher education .
The spectrum of su b je c ts  addressed by sim ula tion  models cu rre n tly  
being developed fo r  h igher education  ranges from the g lobal considera^
tio n s of n a tio n a l ed uca tiona l p lanning to  the question  o f how long a
26book should be s to red  on a l ib ra ry  s h e lf .  I t  i s  u se fu l in  c la s s ify in g  
these models to  id e n tify  which of the prim ary u n iv e rs ity  functions o f 
in s t ru c t io n ,  re sea rch , and pub lic  se rv ice  a re  included in  the model. 
Models which address the  in s t ru c t io n a l  program focus on s tu d e n ts , fa c u lty , 
and th e i r  in te r r e la t io n s h ip  through s tu d e n t/fa c u lty  r a t i o s ,  con tac t hours,
26George B. Weathersby and M ilton C. W einstein , A S tru c tu ra l Com­
p a riso n  o f A n a ly tica l Models fo r  U n iv ers ity  Planning (Berkeley,
C a lifo rn ia :  U n iv e rs ity  o f C a lifo rn ia , 1970).
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workload p o l ic ie s ,  s ta f f in g  p o lic ie s , and s im ila r i n s t i t u t io n a l  charac­
t e r i s t i c s .  Organized resea rch  and public se rv ice  a c t i v i t i e s ,  on the 
o ther hand, a re  u su a lly  ch arac te rized  by to ta l  d o l la r  expend itu res and 
the number of personnel involved.
Resources consumed by in s t i tu t io n a l  a c t iv i t i e s  include  both 
p h y sica l space and f in a n c ia l  co n sid era tio n s. The f in a n c ia l  a sp ec ts  of 
in s t i tu t io n s  of h igher education  encompass opera ting  co sts  and revenues, 
o th er in s t i tu t io n a l  fund sou rces , and c a p ita l  o u tlay s fo r p h y sica l con­
s t ru c t io n .  Most models of the u n iv e rs ity  environment focus on co s t 
components and very  few co n ta in  e x p lic i t  co n sid era tio n  of ou tpu t of non­
economic a c t iv i ty  le v e ls . In  a d d itio n , very few models address the 
issu es  o f curriculum , academic requirem ents, or d e ta ile d  personnel
a c tio n s . Most o f the models p resen tly  a v a ila b le  o r under development
27a re  basic  re sea rch  effort-s only .
Although th e re  are a number of su b jec ts  w ith in  the u n iv e rs ity  
environment to  which a sim u la tion  study could be ddd ressed , th i s  p ro je c t 
w il l  be concerned p rim arily  w ith the su b jec t o f sim u la ting  in s t ru c t io n a l  
co sts  fo r  use in  u n iv e rs ity  d ec is io n s. The model u t i l i z e d  fo r  th is  simu­
la t io n  study w il l  be the Cost E stim ation Model (CEM) developed by the
28Western I n te r s ta te  Commission fo r  Higher Education (NICHE). Various 
fa c e ts  of the CEM model w il l  be considered in  Chapter IV.
27I b id . ,  p . 8.
28Robert A. Huff, Overview of the Cost E stim ation  Model (Boulder, 
Colorado: Western I n te r s ta te  Commission fo r Higher E ducation, 1971).
SUMMARY
A model Is  defined  as a re p re se n ta tio n  of a r e a l  system. Al­
though models cannot d u p lica te  r e a l i t y ,  they can reduce a complex system 
to  manageable p roportions by a b s tra c tin g  only the e s s e n t ia l  r e la t io n ­
sh ip s. The p o in ts  of correspondence between a model and the r e a l  world 
may be seen, fo r  example, when a' comparison Is  made between a map and 
the sec tio n  of coun tryside  which i t  re p re se n ts . Although model b u ild e rs  
may develop v ario u s  types of models, th is  research  study Is  concerned 
p rim arily  w ith models su b je c t to  computer sim ula tion .
Sim ulation i s  defined  as the opera tion  of a model of the re a l 
system. S im ulation im plies the ex is ten ce  of a model which conceivably 
might be sp e c if ie d , id e n t i f ie d ,  and m anipulated. Computers allow  man to  
rap id ly  sim ulate v a rio u s  "What I f s i t u a t i o n s  by feeding  input data 
in to  the computer and rece iv in g  ou tpu t inform ation regard ing  the a l t e r n ­
a tiv e  d ec is io n s .
The development and u t i l i z a t i o n  of sim ula tion  models o ffe r  one 
of the most ap p ro p ria te  q u a n ti ta t iv e  techniques now a v a ila b le  to 
u n iv e rs ity  decision-m akers. Although there  i s  a wide gap between the 
s ta te  of the a r t  of model b u ild in g  and sim ulation  in  major u n iv e r s i t ie s  
and th a t in  la rg e  co rp o ra tio n s , in s t i tu t io n s  of h igher education which 
plan to su rv ive  the f in a n c ia l  c r i s i s  fac ing  u n iv e r s i t ie s  must i n i t i a t e  
e f fo r ts  to  e lim in a te  i t .  Cooperative e f f o r ts  in  th is  d ire c tio n  are  being 
made through the WICHE o rg an iza tio n .
Chapter IV considers v a rio u s fa c e ts  of the  CEM model. Therein, 
the model is  d iscussed  in  regard  to  the purpose of CEM, a d e sc r ip tio n  of 
the model, and documentation of the  model. In  a d d itio n , the step s required  
to  v a lid a te  the model a re  considered .
CHAPTER IV
COST ESTIMATION MODEL
Sim ulation models have been developed to  describe  and to  analyze 
such systems as n a tio n a l defense system s, economic development programs, 
la rge  sca le  tra n sp o rta tio n  complexes, and consumer m arkets. Some o f the 
techniques used to  develop these models have now been extended to  simu­
la te  the major param eters and fu n c tio n a l re la tio n sh ip s  of a la rg e  u n iv er­
s i ty  system. The r e s u l ts  provide a v e r s a t i le  and u se fu l computer-based 
model fo r  decision-m aking w ith in  the u n iv e rs ity ;  the model w i l l  ra p id ly  
and a cc u ra te ly  compute the  resource consequences of academic p lanning, 
p o licy  p roposa ls , and o ther management d e c is io n s .
Achieving more e f fe c tiv e  use of u n iv e rs ity  resou rces req u ire s  a 
b e t te r  understanding of the process by which u n iv e rs ity  resou rces are  
transform ed by the  system in to  i t s  p roduct. Cost i s  the conventional 
measurement of resource transfo rm ation , and models of u n iv e rs ity  co st 
behavior can f a c i l i t a t e  planning and e f fe c t iv e  resource  a l lo c a t io n . The 
primary purpose of th is  chapter i s  to  acquain t u n iv e rs ity  ad m in is tra to rs  
and decision-m akers with the Cost E stim ation  Model (CEM) and i l l u s t r a t e  
the lo g ic  underly ing  the model. This o b jec tiv e  i s  achieved by s ta t in g  
the purpose of CEM, describ ing  the model, producing documentation o f  CEM, 
and v a lid a tin g  confidence in  the model.
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PURPOSE OF COST ESTIMATION MODEL 
The primary o b jec tiv e  of the CEM model is  no t to  specify  the b e s t 
a l lo c a t io n  of re so u rces . I t s  primary purpose i s  to  a s s i s t  the u n iv e rs ity  
decision-m akers in  achieving  a good a llo c a tio n  of re so u rces . The ad jec­
tiv e  good i s  conditioned by the  value systems of the  decision-m akers.
The p o te n t ia l  uses of the  CEM include s ig n if ic a n t  con trib u tio n s 
to  decision-m aking, p lanning , and prelim inary  budgeting. The rap id  
c a lc u la t io n  of the  t o ta l  c o s t consequences of proposed programs provides 
p a r t  of the  necessary  b a s is  fo r r a t io n a l  decision-m aking. In  completing 
the  c o s t-b e n e f i t  r e la t io n s h ip s , the decision-m aker must s t i l l  re ly  on 
the  q u a l i ta t iv e  judgment of knowledgeable men ac tiv e  in  the f ie ld s  of 
concern. Even.though the output or b e n e f its  of a p a r t ic u la r  program may 
no t be adequately  q u a n tif ie d , r e la t iv e  orders of magnitude can be e s t i ­
mated and compared w ith the r e la t iv e  d iffe ren c e s  in  co sts  to  provide 
some a ss is ta n c e  to  decision-m akers.
In  the s tru c tu r in g  of academic or ph y sica l development, a cost 
sim u la tion  model can be of g rea t u t i l i t y .  Such a model can enable a 
p lanner to  t r y  out o r sim ulate a la rg e  number of a l te rn a t iv e  programs or 
p o licy  op tions in  a sh o rt time w ith the  commitment of ve ry  lim ited  r e ­
sou rces. Since the model c a lc u la te s  requirem ents one year a t  a tim e, 
a p lanner could a lso  p a ra m etric a lly  analyze v a rio u s co s t phasings over 
tim e, even includ ing  p resen t value d iscoun ting  where a p p lic a b le , to  
determ ine the le a s t  co s t a l te rn a t iv e  among th e  fe a s ib le  s e t  considered. 
One induced s p i l l -o v e r  e f f e c t  of the type of a n a ly sis  i s  to  focus the 
p la n n e r 's  a t te n t io n  on the h i s to r ic a l  r e la t io n s h ip s ,  thus confronting 
him w ith  the d ec is io n  of th e i r  continuing  d e s i r a b i l i ty .
While the  CEM i s  not envisioned as a d e ta ile d  budgeting to o l, i t
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could p o te n t ia l ly  provide a p relim inary  budget e8tim ated w ith in  broad 
su b je c t f ie ld s  o r co st c a teg p riea . The a c tu a l financing  of propoaed p ro ­
grams Is  no t considered by the model; however, I t  does d e lin e a te  the 
a n tic ip a te d  uses of funds which must be matched up w ith app rop ria te  : 'j 
sources of funds to  become a fe a s ib le  a l te r n a t iv e .  I f  an In s t i tu t io n  
u t i l i z e d  a program budget, then th e  c la s s i f ic a t io n  and d e ta i l s  of both 
the  sim u la tion  model and the program budget should be com pletely compat­
ib le .
The s e r ie s  of questions con fron ting  u n iv e rs ity  lead ers  a re  v i r ­
tu a l ly  l im i t l e s s .  These questions a re  encountered by leaders a t  the 
departm ent, schoo l, and campus le v e ls .  Although a model may be designed 
to  provide sim ulated anawers to  numerous q u es tio n s , th e  CEM Is p rim arily  
used to  a s s i s t  u n iv e rs ity  decision-m akers answer only c e r ta in  kinds of 
"What I f . . . ? "  q u e s tio n s . Some of the most c r i t i c a l  academic questions 
r e la te  to  adm issions p o lic y , curricu lum , and teach ing  load changes. The 
CEM model w i l l  be used In  th is  study fo r  p ro je c tin g  h ig h er education 
In s tru c t io n a l  co s ts  In  these  Im portant management d ec is io n  areas In  the 
u n iv e rs ity  environment.
DESCRIPTION OF COST ESTIMATION MODEL1 
The CEM Is an In term ediate  le v e l s im u la tion  model fo r  p ro je c tin g  
h igher education  In s tru c tio n  c o s ts .  The CEM was designed to  r e f l e c t  
r e a l i t y  and to  accep t a c tu a l I n s t i tu t io n a l  data o r reasonable fac s im ile s  
th e re o f . Thus, those who implement CEM w il l  le a rn  f i r s t  hand of the 
d i f f i c u l t i e s  and task s involved In  ga thering  the  data  base fo r  co st
1Thls se c tio n  i s  based on Robert A. H uff, Overview of th e  Cost 
E stim ation  Model (Boulder, Colorado; W estern I n te r s ta te  Commission fo r  
Higher E ducation, 1971).
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sim ula tion  e f f o r t s .  Use of the  CEM w ith in  an in s t i tu t io n  w i l l  a lso  allow
assessm ent o f the value of c o s t sim ula tion  fo r  decision-m aking and should
a s s i s t  in  in s t i tu t io n a l  d ec is io n s regard ing  the permanent adoption  of 
co s t sim ula tion  models in to  the u n iv e rs ity  d ec is io n  p ro cess .
The CEM may be dep ic ted  g rap h ica lly  or described  v e rb a l ly . In
order to  more thoroughly communicate a complete understanding  of the 
model, both approaches a re  taken  in  th is  s e c tio n . F igure V II d isp lays 
the s e r ie s  of c a lc u la tio n s  which estim ate  the number o f c la s s  se c tio n s , 
f u l l  time equ iva len t (FTE) teach ing  fa c u lty  a t  v a rio u s  ran k s , and teach- 
ing^facuifcy.asalaries fo r  lower d iv is io n , upper d iv id io n  and graduate in ­
s tru c tio n  in  each d is c ip l in e .  F igure V III d e p ic ts  the ro u tin e s  which 
estim ate  resources fo r  academic a d m in is tra tio h , in s t ru c t io n a l  support 
s t a f f ,  and supp lies and equipm ent. F igure V III a lso  d isp la y s  the method 
used to  t r a n s la te  d is c ip lin e  co sts  in to  degree program c o s ts .
CEM i s  an enrollm ent d riven  model. FTE enrollm ents a re  inpu t by 
le v e l of s tu d en t (lower d iv is io n , upper d iv is io n  and graduate) and by 
declared  major f i e ld  of s tu d y . Thus, FTE upper d iv id io n  accounting 
m ajors (accounting degree program) could be one of many enrollm ent in p u ts .
Matrix Logic
The enrollm ent in p u ts  a re  m u ltip lied  by the average number of 
annual c re d i t  hours (one annual c re d i t  hour ■ th ree  q u a rte r  o r two semes­
t e r  c re d i t  hours) in  each d is c ip l in e  fo r  each major to  determ ine the 
p ro jec ted  number o f c re d i t  hours which w il l  be demanded of each d is c ip l in e .  
For example, i f  upper d iv is io n  accounting majors ty p ic a l ly  take  4 .5  annual 
c re d i t  hours in  upper d iv is io n  accounting, 1.5 annual c r e d i t  hours in  
upper d iv is io n  management, and .5 annual c re d i t  hours, in  lower d iv is io n
FIGURE V II
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m athem atics, then enrollm ent o£ ten  FTE upper d iv is io n  accounting m ajors 
could be expected to  generate  a demand fo r 45 annual c re d i t  hours in  
upper d iv is io n  accounting , 15 annual c re d it  hours in  upper d iv is io n  manage­
ment, and 5 annual c r e d i t  hours in  lower d iv is io n  m athem atics. The a rra y  
o f average annual c r e d i t  hours in  various d is c ip lin e s  taken by ty p ic a l  
m ajors o f various kinds is  c a lle d  an induced course load m atrix  (ICLM)•
The a rra y  of p ro jec ted  annual c r e d i t  hour to ta ls  in  various d is c ip lin e s  
demanded by adm ission o f a given mix of e n ro llee s  is  c a lle d  an induced 
work load m atrix  (IWLM). Thus:
Enrollm ent Mix X ICLM = IWLM 
The model uses the IWLM to  fo re c a s t the  demand fo r annual c r e d i t  hours 
in  various d is c ip lin e s  a t  the th ree  le v e ls . I t  then uses an inpu t r a t i o  
to  estim ate  the number of annual co n tac t hours demanded o f each d is c i ­
p lin e  a t  each le v e l .  For example, i f  accounting courses re q u ire  la b s , 
a r a t io  o f 1.33 to  1 might be in se r te d  in to  the model so as to  estim ate  
th a t  a demand fo r 45 annual c r e d i t  hours in  upper d iv is io n  accounting 
would a c tu a lly  req u ire  60 annual c o n tac t hours per week (WSCH) in  upper 
d iv is io n  accounting . Thus:
IWLM X Lab to  L ecture R atio  = WSCH 
Weekly studen t co n tac t hours per d is c ip lin e  and per le v e l o f in ­
s t ru c t io n ,  a re  more u se fu l than c re d i t  hour data  fo r c a lc u la t in g  the  
number of sec tio n s  which w il l  be req u ire d . In  o ther words, WSCH provide 
a b e t te r  u n it  measure than c r e d i t  hours fo r determ ining resource  re q u ire ­
ments .
Parameter Logic
Inpu ts of such planning param eters as in s tru c tio n  type mix 
( le c tu re s ,  d iscussion  s e c tio n s , la b s ) ,  average se c tio n  s iz e  by in s t ru c ­
t io n  type, and the average number o f c la ss  meetings per week a re  accepted
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by the model and used to  c a lc u la te  the number of sec tio n s  of each type
necessary  to  meet the p ro jec te d  demand fo r  co n tac t hours and c o rre s ­
ponding c re d i t  hou rs. For example, assume th a t  the Inputs to  the model 
s ta te  th a t  lower d iv is io n  accounting In s tru c tio n  w il l  be conducted in  
such a manner th a t  33 p e rcen t o f the sec tio n s  w il l  be le c tu re s  which 
w ill  meet th ree  times per week and w il l  co n ta in  an average o f fo r ty  stud ­
e n ts , and 66 percen t o f th e  se c tio n s  w il l  be labs which w il l  meet two 
tim es per week and w i l l  c o n ta in  twenty s tu d e n ts . In  th is  case , a demand 
fo r  200 weekly s tuden t co n tac t hours in  lower d iv is io n  accounting w il l  
be c a lcu la ted  to  req u ire  one le c tu re  se c tio n  and two lab se c tio n s .
Thus:
33% = 1 Lecture X 3 M eetings X 40 Students s  120 WSCH
Section  Per Week
66% « 2 Lab X 2 Meetings X 20 Students -  80 WSCH
S ections Per Week
T ota l 20£ WSCH
Another p lanning param eter, average weekly fa c u lty  con tac t hours 
(WFCH) teaching  load , i s  in se r te d  in to  the model and used in  conjunc­
t io n  w ith the number of req u ired  se c tio n s  to  compute the number of 
teach ing  fa c u lty  req u ired  fo r  each d is c ip lin e  a t  each in s tru c t io n  le v e l .  
For example, i f  ten  se c tio n s  o f lower d iv is io n  accounting, each meeting 
th ree  times per week, a re  demanded, and the average teach ing  load fo r  
lower d iv is io n  accounting i s  s e t  a t  twelve weekly fa c u lty  co n tac t hours, 
a to ta l  Of 2.5 teach ing  fa c u lty  w i l l  be req u ired  fo r  in s tru c t io n  in  
lower d iv is io n  accounting . Thus:
10 S ections L . D. X 3 M eetings » 30 WFCH
Accounting P er Week
Add: 30/12 -  2 .5  Teaching F acu lty  fo r
L. D. Accounting
The d esired  mix of fa c u lty  rank& fo r  the d is c ip lin e  and a s a la ry  
schedule are  then in se r te d  in to  the  model and used to  c a lc u la te  the 
number of fa c u lty  requ ired  a t  each rank and th e i r  aggregate s a la r ie s .
For example, i f  2 .5  teach ing  fa c u lty  a re  requ ired  fo r  lower d iv is io n  
accounting and the d esired  fa c u lty  rank mix i s  40 percen t a sso c ia te  
p ro fe s so rs , 40 percen t a s s i s ta n t  p ro fe s so rs , and 20 percen t in s t ru c to r s ,  
the  c a lcu la te d  fa c u lty  requirem ent w i l l  be one a sso c ia te  p ro fe sso r, one 
a s s i s ta n t  p ro fe s so r , and .5  of an in s t ru c to r .  Thus:
40% X 2.5 F acu lty  = 1 .0  A ssocia te  P ro fesso r
40% X 2.5 F acu lty  = . 1 .0  A s s is ta n t P ro fesso r
20% X 2 .5  F acu lty  = .5 In s tru c to r
T o ta l 2 .5  Teaching F aculty  fo r
Lower D ivision Accounting
I f  the  sa la ry  schedule in d ic a te s  th a t  a sso c ia te  p ro fesso rs  in  
lower d iv is io n  accounting make $12,000 annual s a la ry , a s s is ta n t  pro­
fe s so rs  make $10,000, and in s tru c to r s  $8,600, the  sa la ry  requirem ents 
fo r  lower d iv is io n  accounting in s tru c t io n  w i l l  be $26,300. Thus:
1 .0  X $12,000 = $12,000
1 .0  X $10,000 $10,000
.5 X $ 8,600 » $ 4.300
T o ta l $26,300 Lower D ivision  Accounting
Teaching S a la rie s
D isc ip lin e  C osts . The la rg e s t  s in g le  co st of in s tn u c tio n  in  a 
d is c ip l in e  i s  fa c u lty  s a la r ie s .  GEM concen tra tes  on p re d ic tio n  of th is  
c o s t w ith as much p re c is io n  as seems f e a s ib le .  Having ca lcu la te d  pro ­
je c te d  teach ing  fa c u lty  s a la r ie s  by th ree  le v e ls  of in s tru c tio n  in  each 
d is c ip l in e  o ffe red  by the  I n s t i tu t io n ,  CEM proceeds to  compute o th er
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d ire c t  co sts  of in s tru c t io n  in  each d is c ip l in e  a t  those th ree  le v e ls .
The o ther computed d i r e c t  co sts  include academic ad m in is tra tio n  (deans 
and department chairm en), support s t a f f ,  equipment, su p p lies  and m isce l­
laneous expenses. When the  t o t a l  d i r e c t  co sts  of each d is c ip l in e  a t  
each of th e  th ree  le v e ls  have been c a lc u la te d , they a re  araayed in  an 
output re p o r t  which l i s t s  the  d i r e c t  co sts  of in s t ru c t io n  in  each d is ­
c ip lin e  w ith in  the  i n s t i tu t io n  a t  each lev e l of in s t ru c t io n .  A second 
output re p o r t  aggregates th e  d ire d t  d is c ip l in e  co sts  in to  d i r e c t  d e p a rt­
ment c o s ts . Thus, the  d i r e c t  c o s ts  of m u ltip le  d is c ip l in e  departm ents 
a re  au tom atica lly  c a lc u la te d  and l i s te d  by l in e  item .
U nit C osts . A fte r the c o s ts  per d is c ip l in e  and p e r  le v e l of 
in s tru c tio n  have been c a lc u la te d , CEM (1) c a lc u la te s  u n i t  co s ts  per 
c re d i t  hour fo r  th e  d is c ip l in e ,  and (2) d is t r ib u te s  the  d is c ip l in e  co sts  
across degree programs in  p ro p o rtio n  to  the p e r  cen t of the  t o t a l  c re d i t  
hours of the d is c ip lin e  which a re  consumed by the  m ajors of the  various 
degree programs. For example, i f  lower d iv is io n  accounting produces 
200 annual c re d i t  hours a t  a t o t a l  d i r e c t  c o s t of $10,000, the d ire c t  
u n i t  co st fo r  lower d iv is io n  accounting w i l l  be $50 per annual c re d i t  
hour. Furtherm ore, i f  100 of the  200 lower d iv is io n  accounting c re d i t  
hours are  taken by lower d iv is io n  accounting m ajors, then  $5,000 of the  
$10,000 co st of in s t ru c t io n  in  lower d iv is io n  accounting may be appro­
p r ia te ly  a llo ca ted  to  the  accounting program a t  the lower d iv is io n  
s tuden t le v e l .  An i l l u s t r a t i o n  of th is  procedure fo r  a llo c a tin g  lower 
d iv is io n  accounting c o s ts  to  degree programs i s  p resen ted  in  Table 1 .
A fte r the cost o f in s t ru c t io n  fo r  each d is c ip l in e  a t  each le v e l 
has been a llo c a te d  to  each le v e l of each degree program, the CEM aggre­
g a tes  the co sts  fo r  each degree program a t  each of the th re e  le v e ls ,
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TABLE I
ALLOCATION OF LONER DIVISION ACCOUNTING COSTS TO DEGREE PROGRAMS
Degree Programs
C red it
Hours
Per
Cent
D irec t Cost 
A llo ca tio n
L.D. Accounting Majors 100 .50 $5,000
U.D. Accounting Majors 10 .05 500
L.D. Management Majors 50 .25 2,500
L.D. M arketing Majors 30 .15 1,500
L.D. S ta t i s t i c s  Majors 10 .05 500
T o ta ls 200 1.00 $10,000
Obviously, the to ta l  d i r e c t  c o s ts  o f in s tru c t io n  in  a l l  d is c ip lin e s  
should equal th e  t o ta l  d i r e c t  c o s ts  of the  various degree programs.
In  o th e r  words, no d o lla rs  should be lo s t  or gained during the c ro s s ­
over from d is c ip l in e s  to degree programs.
The percen tages fo r  com pleting the  above mentioned crossover a re  
derived  from th e  IWLM. The a rra y  of percentages ( r e a l ly  another form 
of the  IWLM) used in  the c ro ssover i s  re fe r re d  to  as the Program Cost 
C on tribu tion  M atrix  (PCCM).
CEM c a lc u la te s  u n i t  c o s ts  of in s tru c t io n  (co s t p e r  annual credi* 
hour and cost p e r annual WSCH) fo r  s tuden ts a t  each le v e l of each degree 
program. The to ta l  annual c o s t p e r major i s  a lso  c a lcu la te d  by m u lti­
p ly ing  the c re d i t  hour u n i t  c o s t times th e  number o f c re d i t  hours ty p i ­
c a l ly  taken by the majors a t  each le v e l .  For example, i f  the  annual 
c r e d i t  hour u n i t  c o s t of in s t ru c t io n  fo r  lover d iv is io n  accounting 
m ajors (a composite o f th e i r  in s tru c t io n  c o s ts  in  a l l  d is c ip l in e s  a t  
a l l  le v e ls  in  which they take course work) i s  $40, and i f  the average 
FTE lower d iv is io n  accounting m ajor takes 16.5 annual c re d i t  hours
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(meaning an average of 16.5 c r e d i t  hours fo r  each of two sem esters), 
th e  average annual co st pe r m ajor fo r  lower d iv is io n  accounting majors 
w i l l  be $660. Thus:
$40 Annual C redit Hour X 16.5 U nits * $660 Annual Cost
Unit Cost per L.D. FTE
Accounting
Major
CEM provides an o p tio n  ( in p u t 3a in  F igure V II) which allows the  
in s e r t io n  of a standard ly  d e fin ed  FTE s tu d en t fo r  each o f th ree  s tuden t 
le v e ls  which can be used in  p lace  o f the in s t i tu t io n a l ly  defined  FTE 
s tu d en t in  c a lc u la tin g  annual c o s t per m ajor. For example, lower d iv ­
is io n  accounting m ajors a t  a given in s t i tu t io n  may a c tu a lly  take an 
average of 16.5 annual c r e d i t  h o u rs . However, the  s ta te  funding agency 
may wish to  have annual s tu d e n ts  c o s ts  c a lc u la te d  on the  b a s is  o f a 
standard  FTE studen t of 15 annual c re d i t  hours so th a t  such co sts  can 
be compared across a l l  s t a te  in s t i t u t io n s .  I f  the Standard FTE studen t 
i s  used, the  annual cost p e r  FTE lower d iv is io n  accounting major w il l  
change somewhat. Thus:
$40 Annual C red it X 15 U n its  fo r  = $600 Annual Cost
Hour U nit Cost Standard FTE per Standard
L.D. Accounting FTE L.D. Ace
M ajors counting Major
In  the i l l u s t r a t io n  used , each in s t i tu t io n a l ly  defined  (o r  a c t 
a c tu a l)  FTE lower d iv is io n  accoun ting  major w i l l  generate  1.1 standard  
FTE lower d iv is io n  accounting m ajo rs. In  another sense , the co sts  a re  
ad ju sted  to  meet th e  s ta te  funding agency requ irem ents.
CEM supp lies a sep a ra te  ou tpu t re p o r t  d isp lay in g  th e  c re d i t  hour 
c o n trib u tio n  and d o lla r  c o n tr ib u tio n  of each d is c ip l in e  to  each degree 
program as w ell as th e  to ta l  c o s t and u n it  co s ts  of each degree program 
a t  each studen t le v e l .
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Other C osts . CEM concen tra tes on modeling the In s tru c tio n  func­
tio n  o f  an in s t i tu t io n .  Only a ra th e r  perfuncto ry  trea tm en t i s  given to  
e s tim atin g  the co sts  of re sea rch , public  se rv ic e , and the  various support 
a re a s . E stim ating  equations (inpu ts 23 and 24 in  F igure V III) a re  used 
to  fo re c a s t co sts  in  these  a reas and aggregate them according  to  the
2WICHE program c la s s i f i c a t io n  s tru c tu re  fo r 'p u rp o ses of computer d isp lay . 
CEM provides an Executive Management Report which d isp lay s  the l in e  item 
c o s ts  o f each school or c o lleg e  w ith in  the in s t i tu t io n  (by co llap sing  
departm ents in to  school or co llege  o rg an iza tio n a l u n its )  and a lso  l i s t s  
the estim ated  costs  fo r those programs and support a re a s  o u ts id e  the 
in s tru c t io n  fu n c tio n . Thus, the Executive Management Report (WCEM16) is  
ab le  to  d isp lay  a to ta l  p ro jec ted  budget fo r the in s t i t u t io n .  Since the 
model i s  ab le  to provide f iv e  i te r a t io n s  in  one computer run, the budget 
o f the in s t i tu t io n  may be p ro jec ted  ahead fo r each o f f iv e  years or cases 
on the b a s is  of a se le c te d  s e t  of parameter in p u ts .
An a d d itio n a l o p tio n  provided by CEM (in p u ts  25 and 26 in  Figure 
V III) allow s the user to  a l lo c a te  s ta te d  amounts o f support program 
co s ts  back to  in s tru c tio n  and o ther primary programs. For example, i f  
i t  has been determined th a t  the co st of the c e n tra l  l ib r a r y  w i l l  be 
$200,000, and i f  i t  i s  decided th a t i t  is  ap p ro p ria te  to  a l lo c a te  $25,000 
o f th a t  co st back to  lower d iv is io n  accounting in s t ru c t io n ,  the model 
w il l  accep t th a t inpu t and w ill  include the a llo c a te d  in d i r e c t 'c o s t  in  
i t s  c a lc u la tio n s  and re p o r ts .  This option  provides f l e x i b i l i t y  to  use 
CEM as a f u l l  co stin g  or average costing  model as w ell as a d i r e c t
o
A complete co st c la s s i f ic a t io n  s tru c tu re  may be found in  Warren 
W. Gulko, Program C la s s if ic a t io n  S tru c tu re  (Boulder, Colorado: Western
I n te r s ta te  Commission fo r Higher Education, 1972).
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c o s tin g  or m arginal c o stin g  model. I t  i s  a n tic ip a te d , however, th a t 
the g re a te s t  u t i l i t y  o f the model fo r in s t i tu t io n a l  p lanning and mange- 
ment w il l  come from d ir e c t  co stin g  and m arginal c o stin g  a p p lic a tio n s .
Summary
In  summary, CEM is  an enrollm ent d riven  model which p ro je c ts  
personnel and d o lla r  requirem ents fo r in s tru c tio n  fo r  as many as fiv e  
years ahead on the b a s is  o f a s e t  of user se lec te d  planning param eters. 
Crude estim ates of primary program c o s ts  o th er than reg u la r  in s tru c tio n  
and o f various support program costs  a re  a ls o  provided. Four output 
re p o r ts  d isp lay  resource requirem ent p ro jec tio n s  and u n it  co st data in  
r e la t io n  to  o rg an iz a tio n a l u n i ts ,  d is c ip l in e s  taught a t  lower d iv is io n , 
upper d iv is io n  and graduate in s tru c tio n  le v e ls ,  and degree programs a t  
th ree  s tuden t le v e ls .  CEM is  a f le x ib le  to o l which should allow  the 
u ser to  gain  many in s ig h ts  in to  how h is  in s t i tu t io n  opera tes and to 
understand b e t te r  the probable impact of implementing some of the 
a l te rn a t iv e s  which confron t h is  o rg an iza tio n .
DOCUMENTATION OF COST ESTIMATION MODEL3
Complete and c le a r ly  s ta te d  documentation i s  necessary in  order 
to  communicate adequately  to  p rospective  u se rs , both tech n ic ian s and non­
te c h n ic ia n s , the system design  and programming concepts. Many systems 
f a i l  to  be implemented because the p ro spective  users do not fu l ly  
understand , concep tually  or o p e ra tio n a lly , the proposed system char­
a c t e r i s t i c s .  This lack  of understanding i s  freq u en tly  due to  inadequate
3
This se c tio n  i s  based on W illiam J .  C ollard  and Colby H. Springer, 
Cost E stim ation  Model System Documentation (Boulder, Colorado: Western
I n te r s t a te  Commission fo r  Higher E ducation, 1971).
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system documentation.
This se c tio n  is  intended to  bridge the  communication gap between 
the designers o f th is  system and prospective users by c le a r ly  d isp la y ­
ing and thoroughly i l l u s t r a t i n g  the CEM model. I t  should give prospec­
tiv e  users an in -dep th  understanding of the CEM system. Thus, allow ing 
the users to  implement and use the system e f f ic ie n t ly  and e f fe c t iv e ly .
The CEM, i l lu s t r a te d  in  Figure IX, i s  based upon th ree  basic  
programs: data e d i t  and record  refo rm atting  (WCEM05), da ta  f i l e  update
(WCEM07), and c a lc u la tio n s  (WCEM09). A fter the requ ired  s e ts  o f c a l­
cu la tio n s  (from one to f iv e )  have been completed, a l l  ou tpu t da ta  se ts  
from WCEM09 are  then combined and so rted  (WCEM10) and passed on to the 
re p o rt programs WCEM13, WCEM14, WCEM15, and WCEM16. For each case or 
each y e a r 's  d a ta , one pass or i te r a t io n  through the th ree  b asic  programs 
must be made.
Disk I n i t i a l i z a t io n  Program
Purpose. The purpose o f WCEM02 is  to  i n i t i a l i z e —f i l l  w ith 
zeros or b lanks—a l l  o f the lo g ic a l FORTRAN random f i l e s  th a t  w i l l  be 
u t i l iz e d  by the update program (WCEM07) and the c a lc u la t io n  program 
(WCEM09). Six lo g ic a l f i l e s  a re  c rea ted . The f i l e s —Induced Course 
Load M atrix (ICLM), Induced Work Load M atrix (IWLM), Program Cost Con­
tr ib u t io n  M atrix (PCCM), Enrollm ent Data and E stim ating  Equations (EDEE) 
—are  zero f i l l e d .  The f in a l  f i l e ,  the D escrip tion  F i l e ,  i s  blank 
f i l l e d .  This process ensures th a t  only v a lid  da ta , zeros o r b lanks, a re  
i n i t i a l l y  a v a ila b le  to  both the update and c a lc u la t io n  programs.
Inpu t Requirem ents. No ex te rn a l inpu t is  re q u ire d .
Output G enerated. The output created  by th is  program is  a zero-
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and b la n k - f i l le d  d isk  co n sis tin g  of s ix  lo g ic a l f i l e s .  There is  no 
p rin te d  output generated by WCEM02.
P reprocessor Program
Purpose. WCEM05 w il l  accep t data records w ith m u ltip le  form ats 
and rec o n c ile  the data located  on these  cards to  ensure i t s  v a l id i ty .
I f  the r e s u l t in g  data  record is  v a lid ,  i t  i s  w r it te n  on the d isk  f i l e  
to  be used by the update program WCEM07 and d isp layed on the e d i t  re p o rt 
in  card image form. I f  the data i s  in v a lid , i t  w i l l  be l i s te d  on the 
re p o rt bu t not placed on the d isk  f i l e .  The data  i s  l i s te d  in  card 
image form w ith the explanatory  messages in d ic a tin g  the e r ro r ( s )  d e te c ted .
In p u t Requirem ents. Input to  WCEM05 i s  f i r s t ,  a requ ired  con­
t r o l  card , and second, a s e t  o f o p tio n a l fixed  form at data reco rds. The 
d a ta  records a re  o f the follow ing types:
1. Control Card.
2. Induced Course Load M atrix (ICLM)
3. Degree Program T it le s  (DGREE)
4 . Enrollm ent (ENROL)
5. D isc ip lin e  (DISCI, DISC2, DISC3, DISC4)
6. Department (DEPT)
7. O rgan izational R ela tionsh ip  Codes (SCHOL)
8. E stim ating  Equations fo r  Sub-Program Cost (ESTEQ)
- 9. Cost A llo ca tio n  Data to  Primary Programs (INDIR)
10. Cost A llo ca tio n  Data to  Support Programs (SBIND)
11. B lanket Percentage Changes (PERCT)
Output G enerated. WCEM05 generates a p rin te d  data a u d it  re p o r t ,  
w ith  c o n tro l t o ta l s ,  and a seq u en tia l d isk  f i l e  which con ta ins a l l  of 
the accep tab le  d a ta .
The a u d it  re p o r t  generated by WCEM05 i s  form atted fo r 14 7/8 inch 
wide computer forms. This re p o r t includes computer generated headings, 
a u ser supp lied  d a te , an in s t i tu t io n  name, and a b r ie f  comment. The 
a u d it  re p o r t  d isp lay s the con ten ts o f the data  cards in  card image form 
as subm itted by the user along w ith any d iag n o stics  generated by the
program during the e d itin g  p rocess . At the  end of th is  p rocess , the 
program d isp lay s co n tro l to ta l s .
The seq u en tia l d isk  f i l e  generated  by WCEM05 oon tains 260- 
ch a rac te r  lo g ic a l reco rds. Standard la b e l p rocessing  is  used.
F i le  Update Program
Purpose. WCEM07 i s  requ ired  to  update the FORTRAN random f i l e s  
used by the  c a lc u la tio n  program, WCEM09, w ith  the data c rea ted  by the 
e d i t  program, WCEM05. This program adds, d e le te s ,  re p la c e s , and m odifies 
e x is tin g  records and ensures th a t  c e r ta in  f ie ld s  w ith in  sp e c ia l records 
a re  in i t i a l i z e d  to  zero in  p rep a ra tio n  fo r  use by WCEM09.
Inpu t Requirements. Inpu t to  WCEM07 i s  the se q u en tia l d isk  
f i l e  of a l l  update tran sac tio n s  c rea ted  by the e d i t  program. A ll input 
can be in  a random sequence w ith the excep tion  o f the type 90 records 
(PERCT) which should be the l a s t  record  read . This is  so th a t  the 
change w il l  a f f e c t  a l l  o f  the d esired  param eters. I f  a PERCT record  
was encountered by WCEM05, i t  w il l  always be the l a s t  record  output on 
the seq u en tia l ou tpu t f i l e .
Output G enerated. Output from WCEM07 c o n s is ts  of updated FORTRAN 
random f i l e s  w ith a l l  work a reas req u ired  by WCEM09 s e t  to  zero . I f  a 
record  type i s  not accep tab le  to  WCEM07, i t  w i l l  be p r in te d  out w ith an 
ap p ro p ria te  e r ro r  message. At the end o f p ro cess in g , c o n tro l to ta ls  
a re  generated l i s t i n g  RECORDS READ AND ERROR RECORDS.
C alcu la tion  Program
Purpose. WCEM09 sim ulates m athem atically  many o f the resource 
requirem ents o f an in s t i tu t io n  of h igher educa tion . R esu lts  o f the 
s im ula tion  focus p r in c ip a lly  on in s t ru c t io n a l  requirem ents o f the
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i n s t i tu t io n  which i s  faced w ith a number of c o n s tra in ts  such as e n ro l l ­
ment, c la s s  s iz e ,  workload, and s a la r ie s .  The re s u l t in g  data i s  then 
used to  generate  sp e c if ic  rep o rts  through the use of programs WCEM13, 
WCEM14, WCEM15, and WCEM16.
Inpu t Requirem ents. WCEM09 req u ire s  the s ix  updated f i l e s  
c rea ted  by WCEM07. Care must be taken to  ensure th a t  WCEM07 is  run 
befo re  each execution  o f WCEM09 so th a t  a l l  d isk  work a reas  w ill  be 
i n i t i a l i z e d  to  zero . The c a lc u la tio n  model a ls o  req u ire s  a con tro l 
card to  d e fin e  which of the f iv e  p o ss ib le  i te r a t io n s  o f WCEM09 is  being 
executed.
Output G enerated. WCEM09 generates se q u en tia l d isk  records fo r ­
m atted in  an ap p ro p ria te  manner so th a t  they can be used by the rep o rt 
programs. A ll d a ta  must be so rted  by WCEM10 before  being passed on to  
the re p o r t  programs. At the end o f p rocess ing , the c o n tro l to ta l  
RECORDS WRITTEN is  p rin te d  o u t.
Sort Program
Purpose. WCEM10 is  a standard  u t i l i t y  s o r t ,  i s  program designed 
to s o r t  the  d isk  f i l e  c rea ted  by WCEM09, so th a t  the data can be u t i ­
l iz e d  by the re p o r t programs—WCEM13, WCEM14, WCEM15, and WCEM16.
Inpu t Requirem ents. Input to  the s o r t  a re  the one to  f iv e  sequen­
t i a l  f i l e s  generated  by the c a lc u la t io n  program (WCEM09). The number 
of i te r a t io n s  o f the  model determ ines the number o f f i l e s .  The format 
o f these  records w ith in  the f i l e  a re  described  on record  design sh e e ts .
Output Generated. Output of this program is a disk or tape file 
sorted in a specified sequence. The record format of the file is iden­
tical with those of the Input File with the exceptions of the labels.
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Discipline Report Program
Purpose. WCEM13 w i l l  accep t a seq u en tia l d isk  o r tape f i l e  
generated by the c a lc u la tio n  program (WCEM09) and so rte d  by WCEM10 con­
ta in in g  d is c ip l in e  a sso c ia ted  data and generate  a re p o r t  re la te d  to  each 
d is c ip l in e  e s ta b lish e d  w ith in  the d a ta . The re p o r t  d isp lay s the r e s u l ts  
o f one to  f iv e  years o f p ro jec ted  c o s t and resource requirem ents a s so c i­
a ted  w ith each d is c ip l in e .
Inpu ts Requirements,  Input to  th is  program is  a c o n tro l card and
the d isk  or tape f i l e  c rea ted  by the c a lc u la tio n  program (WCEM09) and
so rted  by WCEM10.
The c o n tro l card accepted by WCEM13 con ta ins Id e n t i f ic a t io n  in ­
form ation such as d a te , and in s t i tu t io n  name. The form at of th is  card 
appears on a Record Design Sheet.
The d isk  or tape f i l e  accepted by the D isc ip lin e  Report Report 
(WCEM13) con ta ins 260-character unblocked reco rd s . This d isk  or tape 
f i l e  has standard  la b e ls .
Output G enerated. The D isc ip lin e  Report Program w il l  generate  
a s e r ie s  o f re p o rts  fo r each d is c ip lin e  e s ta b lish e d  in  the  d a ta . Table
I I  shows an example o f the WCEM13 re p o r t.
The d is c ip lin e  re p o r t  generated by WCEM13 i s  designed to  be 
p rin te d  on standard  computer paper. These re p o rts  support computer 
generated headings, a user supplied  d a te , and se q u e n tia l page numbers.
In  g en era l, th is  re p o rt d isp lay s  d is c ip lin e  re la te d  data c a lc u la te d  by 
WCEM09 includ ing  se c tio n  d a ta , teaching fa c u lty  d a ta , c r e d i t  hour d a ta , 
t o ta l  co s t d a ta , and u n it c o s t data  fo r  every d is c ip l in e .
Degree Program Report Program
Purpose. WCEM14 accep ts a se q u en tia l d isk  o r tape f i l e  generated
TABLE I I
MCEM13
NASHVILLE
C O S T  E S T I M A T I O N  M O D E L  
DISCIPLINE REPORT 
UNIVERSITY OF TENNESSEE
PAGE 3*
DATE 11/27/72
••ft********************************************************* • *
•  ACCOUNTING DISCIPLINE -  REGULAR INSTRUCTION ** *
1 -  SECTION INFORMATION
SECTION TYPE/INSTRUCTION LEVEL
LECTURE
LOWER DIVISION  
UPPER OIVISION 
GRACUATE
CASE 01 CASE 02 CASE 03 CASE 0 * CASE 0 5
NO AVG RM NO AVG RM NO AVG RM NO AVG RM NO AVG RM
SECT SIZE HRS SECT S U E HRS SECT S U E HRS ’ SECT S U E HRS SECT S U E HRS
8 . 1 3 33 2 4 . 3 9 . 6 6 3 3 2 8 . 9 8 . 1 3 3 3 2 4 . 3 8 . 1 3 3 3 2 4 . 3 9 . 6 6 3 3 2 6 . 9
1 1 . 0 7 1 9 3 3 . 2 1 1 . 0 7 19 3 3 . 2 1 1 . 1 6 19 3 3 . 4 1 1 . 0 7 19 3 3 . 2 1 1 . 0 7 19 3 3 . 2
2 . 0 3 2 9 6 . 0 2 . 0 3 29 6 . 9 3 . 0 4 29 9 . 1 2 . 0 3 29 6 . 0 2 .  03 2 9 6 . 0
DISCUSSION
LOWER DIVISION 
UPPER OIVISION 
GRACUATE
LAG
LOWER DIVISION 
UPPER DIVISION 
GRACUATE
TOTALS ANO AVERAGES
2 -  TEACHING FACULTY INFORMATION
FACULTY RANK/FACULTY LEVEL
NUMBER OF FACULTY (FTEI 
CHAIFMAN 
PROFESSORS
ASSOCIATE PROFESSORS 
ASSISTANT PROFESSORS 
INSTRUCTORS 
TEACHING ASSISTANTS 
OTHFR FACULTY
TOTAL FACULTY
AVERAGE WFCH (LOAD)
LOWE® CIV IS ION 
UPRCR DIVISION 
GRACUATE
2 1 . 2 3  2 5  6 3 . 6  2 2 . 7 6 2 5  6 8 . 2  2 2 . 3 3 2 5  6 6 . 9  2 1 . 2 3 2 5  6 3 . 6  2 2 . 7 6 2 5  6 8 . 2
CASE 01  
NO
• 50  
2 . 7 1  
2 . 7 7
5 . 9 8
1 2 . no 
1 2 .0 0  
9 .  ?o
CASE 02  
NO
.50
2 . 9 5
2 . 9 1
1 2 . 0 9  
1 2 .0 0  
9 . O''
CASE 03  NO
.59
3 . 0 6
2 . 7 9
1 2 . 0 9
1 2 . 9 0
9 . n n
CASE 0 *  
NO
. 5 9
2 . 4 6
2 . 6 1
5 . 5 7
1 5 .9 0
1 2 . 9 0  <5,00
CASE OS 
NO
. 5 0
2 . 6 5
2 . 7 3
5 . 8 8
I 5 . n o
12.00
9 . 0 0
AVERAGE FACULTY LJAD 1 1 . 6 5 1 1 . 4 8 1 2 . 5 6 1 2 . 6 9
TABLE I I
(C ontinued)
WCEM13 C O S T  E S T I M A T I O N
NASHVILLE DISCIPLINE REPORT
UNIVERSITY OF TENNESSE
ACCOUNTING DISCIPLINE -  REGULAR INSTRUCTION •
3  -  ANNUAL CREOIT HOUR INFORMATION
TYPE HOURS/INSTRUCTION LEVEL
CREDIT HOURS
LOVER OIVISION 
UPPER OIVISION 
GRACUATE
rtSCH
LOWER OIVISION 
UPPER OIVISION 
GRACUATE
4  -  COST INFORMATION
CASE 01 
HOURS
805
6 31
1 7 6
8 0 5
6 3 1
1 7 6
CASE 01  
COSTS
CASE 02  
HOURS
9 5 6
6 3 1
1 7 6
9 5 6
6 3 1
1 7 6
CASE 02  
COSTS
TYPE COSTS
de p ar tm e n t  ch ai rm an
ACACEMIC CEANS 
OTHER ACADEMIC AOMIN 
TEACHING FACULTY SALARIES 
SUPPORT STAFF WAGES 
SUPPLIES AND EXPENSES 
EOUIPMENT 
OTHER EXPENSES
TOTAL DISCIPLINE COSTS
TOTAL COST BY 1NSTR LEVEL 
LOWER OIVISION 
UPPER OIVISION
gra d ua te
7 , 5 0 0
7 , 8 0 0
3 , 0 0 0
6 0 , 5 8 1
4 , 8 7 6
9 1 2
6 7 0
8 5 , 3 4 1
32,551
3 6 , 9 6 6
1 2 , 8 2 3
7 , 5 0 0
7 , 8 0 0
3 , 0 0 0
6 5 , 1 8 0
5 , 1 8 8
9 6 4
6 8 1
9 0 , 3 1 4
3 8 , 1 9 6  
3 6 , 4 2 6  
* 1 2 , 6 9 1
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CASE 03
HOURS
CASE 0 4  
HOURS
CASE 05  
HOURS
8 0 5
6 3 6
2 6 4
805
631
1 7 6
9 5 6
6 3 1
17 6
8 05
6 3 6
2 6 4
8 05
631
1 7 6
9 5 6
6 3 1
1 7 6
CASE 03  
COSTS
CASE 0 4  
COSTS
CASE 05  
COSTS
7 , 5 0 0  
7 , 9 0 0  
3 , 0 0 0  
• 6 5 , 8 7 2  
5 , 1 7 2  
9 4 9  
6 8 0
7 , 5 0 0
7 , 8 0 0
3 , 0 0 0
5 5 , 6 8 6
4 , 5 4 5
898
6 5 8
7 , 5 0 0
7 , 8 0 0
3 , 0 0 0
5 9 , 3 6 5
4 , 7 9 4
9 4 7
6 6 7
9 0 , 9 7 3 8 0 , 0 8 9 8 4 , 0 7 5
3 2 , 1 6 9  
3 6 , 7 5 9  
% 1 9 , 0 4 4
2 6 , 4 4 4
3 7 , 6 5 3
1 2 , 9 9 0
3 1 , 0 6 0  
3 7 , 1 4 7  
t 1 2 , 8 6 7
NO
ON
TABLE I I
(C ontinued)
WCEM13
NASHVILLE
C O S T  E S T I M A T I O N  H<  
DISCIPLINE REPORT 
UNIVERSITY OF TENNESSEE
DISCIPLINE -  REGULAR INSTRUCTION•  ACCOUNTING
***•*******•••*#•••**•*»»••**••****••***•»*•*•***•***#•*••**
5  -  ANNUAL UNIT COST INFORMATION 
COST TYPE/INSTRUCTION LEVEL
CASE 01 
COSTS
CASE 02  
COSTS
OIRECT UNIT COSTS 
PER CREOIT HOUR
LOWER DIVISION  
UPPER OIVISION 
GRAOUATE
PER WSCH
LOWER DIVISION 
UPPER OIVISION 
GRACUATE
4 0 .4 3
5 8 . 5 8
7 2 . 6 9
4 0 . 4 3
5 8 . 5 8
7 2 . 6 9
3 9 . 9 3
5 7 . 7 3  
7 1 . 0 5
3 9 . 9 3
5 7 . 7 3  
7 1 . 9 5
CASE 03  
COSTS
3 9 . 9 5
5 7 . 7 6
7 1 . 9 8
3 9 . 9 5
5 7 . 7 6
7 1 . 9 8
PAGE 3 6  
DATE 1 1 / 2 7 / 7 2
CASE 0 4  
COSTS
% 3 2 . 8 4  I
5 9 . 6 7
7 3 . 6 5
S 3 2 . 8 4  S
5 9 . 6 7
7 3 . 6 5
CASE 0 5  
COSTS
3 2 * 4 7
5 8 * 6 7
7 2 * 9 4
3 2 . 4 7
5 8 . 8 7
7 2 . 9 4
VO
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by the c a lc u la tio n  program (WCEM09) and so rted  by WCEM10 con ta in ing  de­
gree program asso c ia ted  data  and generates a re p o r t  re la te d  to  each 
degree program e s ta b lish e d  w ith in  the d a ta . The rep o rt d isp lay s the 
r e s u l ts  o f up to  f iv e  years of p ro jec ted  c o s t and resource requirem ents 
a sso c ia ted  w ith  each degree program.
Inpu t Requirements. Inpu t to  th is  program is  the d isk  or tape 
f i l e  c rea ted  by the c a lc u la tio n  program (WCEM09) and so rted  by WCEM10, 
and a c o n tro l card .
The d isk  or tape f i l e  accepted by the  Degree Report Program 
(WCEM14) con ta ins a 260-character records unblocked. This d isk  or tape 
f i l e  con ta in s standard  la b e ls . The c o n tro l card  accepted by WCEM14 
con ta ins id e n t i f ic a t io n  inform ation  such as d a te , and in s t i tu t io n  name.
Output Generated. The Degree Report Program w ill  generate  a 
s e r ie s  o f re p o rts  fo r each degree program e s ta b lish e d  in  the  d a ta . An 
example of the WCEM14 re p o r t  is  i l l u s t r a t e d  in  Table I I I .
The degree program re p o rts  generated  by WCEM14 a re  designed to  
be p rin ted  on standard computer paper. These re p o rts  support computer 
generated headings, a u ser supplied  d a te , and se q u en tia l page numbers.
In  g en era l, th is  re p o r t d isp lays the number of FTE majors by le v e l, the 
c re d i t  hour and co st c o n tr ib u tio n  of d is c ip l in e s  to  m ajors, and u n it  
c o s t fo r  c r e d i t  hours WSCH and m ajor.
Department Report Program
Purpose. WCEM15 accep ts a se q u e n tia l f i s k  or tape f i l e  generated 
by the c a lc u la tio n  program (WCEM09) and so rte d  by WCEM10 con ta in ing  
department a sso c ia ted  data  and generates a re p o r t  re la te d  to  each d e p a rt­
ment e s ta b lish e d  w ith in  the  d a ta . The re p o r t  d isp lay s the r e s u l ts  o f
TABLE I I I
WCEM14 C O S T  E S T I M A T I O N  M O D E L
NASHVILLE DEGREE PROGRAM REPORT
_ UNIVERSITY OF TENNESSEE
f t * * * * * * * * * * * * * * * * * * * * * * * * * * , * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
•  ' •
•BUSINESS OEGREE PROGRAM -  REGULAR INSTRUCTION •
•  * 
• * * * » * * * » • * * * * • » » * • * * « » * • » » * » * » * * * * « * * • • » * * » » * » * * • * * * * * * » • • *
L -  NUMBER OF FTE MAJORS
CASE 01 CASE 02  CASE 0 3  CASE 0 *
STUOENT-LEVEL FTE MAJORS FTE MAJORS FTE MAJORS FTE “ AJORS
FTE
LOWER OIVISION 3A6 * 1 5  3 * 6  3 4 6
UPPER DIVISION 1 9 7  1 9 7  1 9 7  1 9 7
GRADUATE 5 *  5 *  9 1  5 *
TOTAL FTE 5 9 7  6 6 6  6 2 *  5 9 7
2  -  CONTRIBUTIONS OF DISCIPLINES  
TO BUSINESS MAJORS
CASE 01 CASE 0 2  CASE 0 3  CASE 0 *
CREDIT CRFOIT CREDIT CREDIT
DISCIPLINE/INSTRUCTION LEVEL HOURS COSTS HOURS COSTS HOURS COSTS HOURS COSTS
HISTORY
LOWER DIVISION  
UPPER OIVISION 
GRACUATE
ENGLISH
LOWER DIVISION  
UPPER OIVISION ,  
GRADUATE
MATHEMATICS
LOWER OIVISION  
UPPER OIVISION 
GRADUATE
5 1 5  * 2 * . 3 1 *
9 8  6 , 8 8 1
5 7 * 9
5 1 9  2 * . 1 * 5
1 9 7  1 3 , 8 0 8
16  2 , 3 * 5
7 3 1  * * , 8 5 7
1 0 9  9 , 6 8 9
6 2 2  * 2 8 , 7 2 2
9 8  6 , 7 8 7
5 7 * 0
6 2 2  2 8 , 5 7 3
1 9 7  1 3 , 6 * 3
16  2 , 3 2 0
8 6 9  5 2 , 0 1 9
1 0 9  9 , * 5 6
5 1 9  t  2 3 , 6 5 3  
9 8  6 , 7 1 8
8 1 , 0 6 3
5 1 9  2 3 , 5 6 8
1 9 7  1 3 , 5 2 2
2 *  3 , 3 * 6
7 3 1  * * , 7 6 6
11* 10, 1*0
5 1 9  t 1 9 , 8 1 *  
9 8  6 , 9 9 2
5 7 5 9
5 1 9  1 9 , 6 3 *
1 9 7  l * , 0 0 5
16 2 , 3 7 *
7 3 1  3 7 , 3 3 5
1 0 9  1 0 , 0 * 5
BIOLOGY
LOWER DIVISION 
UPPER DIVISION 
GRACUATE
BOTANY
LOWER OIVISION  
UPPER OIVISION 
GRACUATE
ZOOLOGY
LOWER OIVISION 
UPPER OIVISION 
GRACUATE
2 9 6  2 5 , 2 8 0
3 *  3 , 9 3 *
19  3 , 0 6 2
88 9 , * * 5
5 9  8 , 6 5 6
5 1 , 8 7 5
35 1  2 8 , 9 * 8
* 1  * , 6 3 7
19 3 , 0 1 2
1 0 2  1 0 , 7 2 5
5 9  3 , 5 1 *
5 1 , 8 * 0
2 9 6  2 5 , 2 B 0
3 *  3 , 7 5 8
19  2 , 9 3 *
88 9 , 1 * 6
5 9  8 , 3 0 8
B 2 , 6 5 8
2 9 6  2 1 , 5 3 9
3*  3 , 2 2 1
19 3 , 1 3 1
88  7 , 7 * 2
59  8 , 8 5 7
5 1 , 9 1 2
PAGE 19
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CASE 05  
FTE MAJORS
4 1 5
1 9 7
5 4
666
CASE 05
CREDIT
HOURS COSTS
6 2 2  * 2 3 , 4 3 3
98  6 , 9 0 4
5 751
6 2 2  2 3 , 2 6 0
1 9 7  1 3 , 8 5 3
16  2 , 3 5 1
8 6 9  4 3 , 1 5 4
1 0 9  9 , 7 8 2
351  2 4 , 5 0 9
*1 3 , 8 0 5
19  3 , 0 8 4
■ 1 0 2  8 , 8 0 4
59  8 , 7 2 3
5 1 , 8 8 7
TABLE I I I
(C ontinued)
WCEM14 C O S T  E S T I M A T I O N  M O O
NASHVILLE * DEGRFF PROGRAM REPORT
UNIVERSITY OF T « in c sSF5
BUSINESS (DEGREE PROGRAM -  REGULAR INSTRUCTION
CHEMISTRY
LOWER OIVISION 74 6 , 0 1 0  6 0  6* 6 01  74
UPPFR OIVISIUN
GRACUATE
PHYSICS
LOWER DIVISION 10 2 , 4 5 8  19  2 * 4 2 0  19
UPPER DIVISION
GRADUATE
SECONDARY EDUCATION
LOWFR DIVISION 5 1 9  2 7 * 0 0 9  6 2 2  3 2 * 1 6 7  5 1 9
UPPER OIVISION 2 9 5  2 1 , 6 4 6  2 9 5  2 1 * 5 0 7  2 9 5
GRADUATE 64 7 , 9 0 7  6 4  7 , 9 6 0  9 7
P H Y S I C A L  E D U C A T I O N
LOWER DIVISION 5 1 9  3 2 . 6 3 3  6 2 2  3 8 * 1 2 9  5 1 9
UPPER DIVISION 3 9  5 * 0 9 7  3 9  4 , 9 6 9  39
GRACUATE
ACCOUNTING
LOWER DIVISION 7 6 6  3 0 * 9 6 7  o i l  3 6 * 3 9 2  7 6 6
UPPER OIVISION 5 8 2  3 4 , 1 0 1  5 6 2  3 3 * 6 0 3  5 8 7
GRACUATE 1 4 5  1 0 , 5 9 9  14 5  1 0 , 4 8 9  2 1 8
ECONOMICS
LOWER OIVISION 7 3 1  3 7 , 7 4 8  8 6 9  4 4 * 1 6 8  7 3 1
UPPER DIVISION: 7 8 4  6 2 , 2 1 7  0 0 5  6 2 , 9 5 7  7 8 9
GRACUATE 1 1 7 9  2 4 , 1 0 5  178 2 3 , 8 0 5  2 6 7
m a r k e t i n g
LOWER OIVISION 5 7 8  3 0 , 8 4 7  6 8 1  3 5 * 9 1 0  578
UPPFR OIVISION 6 3 7  5 4 , 0 0 5  6 3 7  5 3 , 3 7 6  6 51
GRACUATE 1 6 7  2 3 , 8 4 3  16 7  2 3 * 6 0 4  2 51
TOTALS
LOWER DIVISION 5 * 3 9 6  3 0 1 , 6 9 1  6 , 4 2 0  3 5 1 , 4 1 8  5 , 3 9 6
UPPER OIVISION 2 , 8 2 2  2 1 9 , 1 6 6  2 , 8 4 3  2 1 7 , 9 2 3  2 . 8 5 2
GRACUATE 5 8 3  7 1 , 4 2 5  5 8 3  7 9 , 6 7 1  8 7 4
TOTAL DISCIPLINE
CONTRIBUTIONS 8 , 8 0 2  S 5 9 2 , 2 8 4  9 * 6 4 7  $ 6 3 9 , 9 1 3  9 * 1 2 3
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7 , 9 6 7  74
2 , 4 4 3  1 9 -
2 5 , 9 6 3  5 1 9
2 0 * 9 3 4  2 9 5
1 1 , 2 9 6  64
3 2 , 6 3 3  5 1 9
5 * 0 9 7  39
3 0 , 6 0 4  7 6 6
3 3 , 9 3 4  5 8 2
1 5 , 7 4 1  1 4 5
3 7 , 1 8 8  731
6 1 , 8 2 1  7 8 4
3 4 , 9 7 5  1 7 8
3 0 , 0 0 1  5 7 8
5 3 , 7 9 8  6 3 7
3 4 , 0 7 5  167
2 9 6 , 9 7 5  5 , 3 9 6
2 1 7 , 3 0 0  2 , 8 2 2
1 0 3 , 1 5 7  5 8 3
6 , 5 7 6  80
2 , 0 1 3  19
2 1 , 7 9 8  6 22
2 1 , 8 0 8  2 9 5
7 , 9 6 2  64
2 7 , 0 8 9  6 22
5 , 2 7 8  39
2 5 , 1 5 7  911
3 4 , 7 3 5  582
1 0 , 7 3 7  1 45
3 0 , 7 9 2  8 6 9
6 3 , 3 0 1  805
2 4 , 4 7 1  1 7 8
2 5 , 0 9 7  681
5 4 , 8 2 4  6 37
2 4 , 1 5 4  t 6 7
2 4 7 , 8 1 2  6 , 4 2 0
2 2 2 , 9 8 ?  2 , 8 4 3
7 2 , 3 7 2  5 9 3
7 , 0 7 3
1 , 9 8 5
2 5 , 9 8 8
2 1 , 6 8 7
7 , 9 2 1
3 1 , 5 6 5
5 , 1 3 3
2 9 , 5 9 3
3 4 , 2 6 8
1 0 , 6 3 5
3 6 , 0 4 4
6 4 , 0 7 2
2 4 , 1 7 4
2 9 , 2 5 8
5 4 , 2 5 3
2 3 , 9 3 7
2 8 8 , 4 7 6
2 2 1 , 7 6 0
7 1 , 6 5 9
$ 6 1 7 , 4 3 3 8 * 8 0 2  S 5 4 3 , 1 6 7  9 , 8 4 7 S 5 8 1 , 8 9 6
TABLE I I I
(C ontinued)
WCENl*
NASHVILLE
C O S T  E S T I M A T I O N  H O  
DPGPE5 PROGRAM REPORT 
UNIVERSITY OF TENNESSEE
•BUSINESS* OEGREE PROGRAM -  REGULAR INSTRUCTION
3 -  ANNUAL UNIT COST INFORMATION 
COST/TYPE/STUDENT LEVEL
OIRECT UNIT COSTS
PER CREDIT HOUR 
LOWER DIVISION  
UPPER OIVISION  
GRACUATE
PER WSCH
LOWER DIVISION  
UPPER DIVISION  
GRACUATE
PER MAJOR
LOwFP OIVISION  
UPPER OIVISION  
GRACUATE
CASE 01  
COSTS
55*55  
7 6 .  *6  
1 1 6 * 5 2
4 9 * 8 0
7 5 .0 1
1 1 8 * 1 2
6 3 8*61  
1 * 1 4 6 * 6 7  
1 * 4 1 0 * 3 5
CASE 02  
COSTS
5 4 * 5 2
7 5 .8 9
1 1 7 .2 3
4 8 * 9 8
7 3 .9 7
1 1 6 * 8 4
8 2 3 * 2 9  
1 * 1 3 0 .7 2  
1 * 3 °5 * 0 7
CASE 03  
COSTS
5 4 * 6 7
7 5 .5 1
1 1 4 * 2 6
4 9 * 0 2
7 3 .6 0
1 1 3 * 8 8
8 2 5 * 5 6
* 1 2 5 .0 9
* 3 5 9 .7 5
PAGE 21
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CASE 04  
COSTS
% 4 5 * 9 4
7 6 .9 8  
1 2 0 * 1 4
4 1 * 1 8
7 5 * 0 4
1 1 9 .7 4
6 9 3 * 6 3
1 * 1 4 7 .0 4
1 * 4 2 9 .6 8
CASE 05  
COSTS
S 4 5 * 0 6  
7 5 .9 7  
1 1 8 * 9 2
4 0 * 4 0
7 4 .0 5
1 1 8 * 5 2
6 8 0 * 3 8
1 * 1 3 1 * 8 9
1 * 4 1 5 .1 5
101
102
up to  £lve years o f p ro jec ted  c o s t and resou rce  requirem ents a sso c ia ted  
w ith  each departm ent.
Inpu t Requirements. Inpu t to  WCEM15 i s  the d isk  or tape f i l e  
c rea ted  by the c a lc u la tio n  program (WCEM09) and so rted  by WCEM10, and 
a c o n tro l card .
The d isk  or tape f i l e  accepted by the Department Report Program 
(WCEM15) con ta ins 260-character records unblocked. The d isk  or tape 
f i l e  con ta in s standard  la b e ls . The c o n tro l card accepted by WCEM15 
con ta ins id e n t i f ic a t io n  inform ation such as d a te , and in s t i tu t io n  name.
Output G enerated. The Department Report Program w i l l  generate  
a re p o r t lior each department e s ta b lish e d  in  the data^ Table IV shows 
an example of the WCEM15 re p o r t .
The department re p o rt generated by WCEM15 i s  designed to  be 
p r in te d  on standard  computer paper. These re p o rts  support computer 
generated  headings, a user supplied  d a te , and se q u e n tia l page numbers.
In  g en e ra l, these rep o rts  d isp lay  the number of f a c u lty , ad m in is tra to rs  
and support s t a f f  w ith in  a departm ent, and th e  c o s t a sso c ia ted  w ith  a 
departm ent by various c a te g o rie s .
Executive Management Report Program
Purpose. WCEM16 accep ts a se q u e n tia l d isk  or tape f i l e  generated 
by the c a lc u la tio n  program (WCEM09) and so rted  by WCEM10 con ta in ing  
school o r co llege  re la te d  d a ta . The re p o rts  d isp lay  the r e s u l ts  o f up 
to  f iv e  years o f p ro jec ted  c o s t and resou rce  requirem ents a sso c ia ted  w ith 
each school o r c o lle g e . ■>
Inpu t Requirements. Inpu t to  WCEM16 i s  a c o n tro l card and the 
d isk  or tape f i l e  c rea ted  by the c a lc u la t io n  program (WCEM09) and so rted  
by WCEM10.
TABLE IV
HCEM15 C O S T  E S T I M A T I O N  M O D E L  PAGE 9
NASHVILLE DEPARTMENT REPORT OATE 1 1 /2 7 / 7 2
UNIVERSITY OF TFNNESSEF
ACCOUNTING DEPARTMENT -  PEGULAR INSTRXTION *
1 -  STAFF INFORMATION
CASE 01 CASE 0 2  CASE 0 3  CASE 0 *  CASE OS
NAME OF STAFF FTE FTE FTF FTE FTE
FACULTY 
ADMINISTRATOR
DEPARTMENT CHAIRMAN . 5 0  . 5 0  . 5 0  . 5 0  . 5 0
TEACHING FACULTY 
PROFESSORS
ASSOCIATE PROFESSORS 2 .7 1  2 .0 5  3 .0 6  2 . 5 6  2 .6 5
ASSISTANT PROFESSORS
INSTRUCTORS 2 .7 7  2 .0 1  2 .7 8  2 .6 1  2 .7 3
TEACHING ASSISTANTS 
OTHER FACULTY
TOTAL FACULTY 5 .9 8  6 . 3 6  6 . 3 6  5 .5 7  5 .8 8
STAFF
SUPPORT STAFF 1 .0 2  1 .0 8  1 .0 8  . 9 5  I . 0 0
2 -  COST INFORMATION
CASF 01  CASE 0 2  CASE 0 3  CASE 0 6  CASE 05
TYPE UF COSTS COSTS COSTS COSTS COSTS COSTS
COSTS
ACADEMIC SALARIES S 6 8 ,0 8 1  t  7 2 ,6 8 0  S 7 3 ,3 7 2  » 6 3 ,1 8 6  S 6 6 ,8 6 5
SUPPORT STAFF MAGES 6 ,0 7 6  5 ,1 8 8  5 ,1 7 2  6 .5 6 5  6 ,7 9 6
SUPPLIES AND EXPENSES 9 1 2  9 6 6  9 6 9  898  9 6 7
EQUIPMENT 6 7 0  6 8 1  6 8 0  6 5 8  6 6 7
OTHER EXPENSES
TOTAL DEPARTMENT COSTS $ 7 6 ,5 6 1  * 7 9 ,5 1 6  * 8 0 ,1 7 3  * 6 9 ,2 8 9  * 7 3 ,2 7 5
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The d isk  or tape f i l e  accepted by the Executive Management Re­
p o rt Program (WCEM16) contains 260-character unblocked rec o rd s . This 
d isk  or tape f i l e  con ta ins standard  la b e ls .  The c o n tro l card  accepted 
by WCEM16 con ta ins id e n t i f ic a t io n  inform ation such as d a te , and i n s t i ­
tu tio n  name.
Output G enerated. The Executive Management Report Program w il l  
generate  a s e r ie s  o f school or co lleg e  rep o rts  fo r each school or 
co llege  e s tab lish ed  in  the d a ta . An example o f the WCEM16 re p o r t  i s  
i l l u s t r a te d  in  Table V.
The Executive Management Reports generated by WCEM16 a re  de­
signed to  be p rin te d  on standard  computer paper. These re p o r ts  support 
computer generated headings, a user supplied  d a te , and se q u e n tia l page 
numbers. In  g en era l, the co lleg e  re p o rt d isp lay s  FTE deans, s t a f f ,  and 
teach ing  fa c u lty , and the co sts  a sso c ia ted  w ith  the school o r c o lle g e .
VALIDATION OF THE COST ESTIMATION MODEL
V alid a tio n  " is  the process of bu ild ing  an accep tab le  le v e l o f
confidence th a t  an in ference  about a sim ulated process i s  a c o rre c t or
4
v a lid  in ference  fo r  the a c tu a l p ro ce ss ."  The problem o f v a lid a tin g  
models i s  indeed a d i f f i c u l t  one because i t  involves a h o st o f p r a c t ic a l ,  
th e o re tic a l ,  and even p h ilo so p h ica l com p lex ities. In  s p i te  o f th e  com­
p le x i t ie s ,  v a lid a tio n  should always be attem pted , because i t  provides 
a check a g a in s t the g ro sser e rro rs  and gives the  model b u ild e r  c o n fi­
dence to  use the model fo r p re d ic tiv e  or o th er purposes.
A model i s  considered v a lid  i f  i t  produces r e s u l ts  th a t  a re  very
4Richard L. Van Horn, "V alida tion  of Sim ulation R e s u lts ,"  Manage­
ment Science. XVII (January , 1971), p . 247.
TABLE V
WCEM16 C O S T  E S T I M A T I O N  M O O E l  PAGE 3
NASHVILLE EXECUT1VF MANAGEMFNT RFPQPT DATE 1 1 /2 7 / 7 2
UNIVERSITY PF TFNNESSFE
SCHOOL OF BUSINESS REGULAR INSTRUCTION
TYPE OF COST 
DEANS
CASE 01  
FTE COSTS
CASE 02  
FTF COSTS
CASE 03  
FTE COSTS
CASE 0 4  
FTE COSTS
CASE 0 5  
FTE COSTS
FTE STAFF
ACADEMIC DEANS 
OEANS SUPPORT STAFF
COSTS
OEANS COSTS
FACULTY/SUPPORT
FTE STAFF
DEPARTMENT CHAIRMAN 
TEACHING FACULTY 
SUPPORT STAFF
COSTS
ACADEMIC SALARtES 
SUPPORT STAFF MAGES 
SUPPLIES ANO EXPENSES 
EQUIPMENT 
OTHER EXPENSES
TOTAL FTE/COSTS -  OEPTS
TOTAL SCHOCL/COLLEGE COST
TOTAL CTHER ACA0EM1C AOMIN
TOTALS FOR REGULAR INSTR
1*00
1 .5 0
1.50
2 1 .0 2
6 .? 9
2 8 .6 1
3 1 .3 1
4 0 ,1 4 0
1.00
1 .5 0
1.50
2 2 .6 3
6.75
2 9 6 ,3 7 1  
3 1 ,7 6 7  
5 ,0 6 9  
6 ,0 3 8
3 3 0 ,2 4 6
3 7 9 ,3 8 6
4 1 ,6 4 6
3 0 .8 8
3 3 .3 8
4 0 ,1 4 0
1.00
1 .5 0
1.50
2 2 .8 7
6.82
4 0 ,1 4 0
3 1 5 ,4 9 1
3 4 ,1 0 1
5 ,4 1 7
6 ,4 1 2
3 6 1 ,4 2 3  3 1 .1 9
4 0 1 ,5 6 3  3 3 .6 9
4 1 ,6 4 6  $
1.00
1 .5 0
1.50
1 9 .3 7
5.83
3 2 4 ,3 7 0
3 4 ,4 7 0
5 ,3 4 3
6 ,3 9 9
3 7 0 ,5 8 4  2 6 .7 0
4 1 0 ,7 2 4  2 9 .2 0
4 1 ,6 4 6  S
4 0 ,1 4 0
1 .0 0
1 . 5 0
1 .5 0
20.68
6 .2 0
2 7 7 ,0 7 8
2 9 ,4 0 9
4 ,9 6 1
5 ,6 7 2
3 1 7 ,1 2 1
3 5 7 ,2 6 1
4 1 ,6 4 6
40,140
2 9 2 ,6 1 0
3 1 ,3 0 5
5 ,2 8 8
5 ,9 7 7
2 8 .3 8  3 3 5 ,1 8 2
3 0 .8 8  3 7 5 ,3 2 2
% 4 1 ,6 4 6
1 5 6 .1 3  2 ,1 1 1 ,3 0 3  1 6 6 .7 2  2 ,2 2 6 ,7 2 1  1 7 2 .2 9  2 ,3 2 2 ,2 4 7  1 4 5 .0 2  1 ,9 9 1 ,8 3 8  1 5 3 .5 1  2 ,0 8 4 ,9 7 4
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c lo se  to  the r e s u l ts  th a t would be produced by the r e a l  world system 
the model is  supposed to  re p re se n t. According to Naylor one accep tab le  
t e s t  fo r v a lid a tin g  sim ula tion  models i s :  "How w ell do the sim ulated
values of the endogenous v a ria b le s  compare w ith known h is to r ic a l  data?"*’ 
This t e s t  w il l  be used to  check the v a l id i ty  o f the CEM in  th is  p ro je c t .
Data Requirements
Most in s t i tu t io n s  of h igher education  follow  the accounting 
p r in c ip le s  and procedures contained in  College and U niversity  Business 
A dm in is tra tion . 8 Although e x is tin g  u n iv e rs ity  accounting systems empha­
s iz e  the stew ardship a sp ec t of fund accounting , the fu n c tio n a l and 
o rg an iz a tio n a l c la s s i f ic a t io n s  found in  th is  accounting system do not 
provide the data  requ ired  fo r  CEM v a lid a tio n  purposes. The requ ired  
da ta  may be derived  from the p resen t u n iv e rs ity  accounting system, how­
ev er, by using the Program C la s s if ic a tio n  S tru c tu re  (PCS) developed by 
WICHE. 7
A program s tru c tu re  i s  a c la s s i f i c a t io n  system th a t c a teg o rize s  
the  a c t iv i t i e s  o f an o rg an iza tio n  according  to  th e ir  re la tio n sh ip  to
g
the o rg a n iz a tio n 's  o b je c tiv e s . The main ca teg o ries  of a c t iv i t i e s  in  
a u n iv e rs ity , as shown in  F igure X, include  In s tru c tio n , Research,
P ub lic  S erv ice , Academic Support, S tudent S erv ice , I n s t i tu t io n a l  Support,
^Thomas H. N aylor, Joseph L. B a lln tfy , Donald S. Burdick, and Kong 
Chu, Computer S im ulation Techniques (New York: John Wiley & Sons, I n c . ,
1968), p . 40.
^College and U n iv e rs ity  Business A dm inistration  (Washington: 
American Council on Education, 1968).
7 Warren W. Giilko, Loc. C i t .
8 I b id . ,  p . 1 .
FIGURE X
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SOURCE: Warren W. Gulko, Program C la s s if ic a tio n  S truc tu re  (Boulder, Colorado; Western
In te r s ta te  Commission fo r  Higher Education, 1972), p . 19.
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and Independent O perations.
For u n iv e rs i t ie s  th a t  do not code cu rre n t expenditure accounts 
to  in d ic a te  the corresponding PCS, i t  i s  necessary  to  develop an a c t iv i ty  
crossover between the c h a rt of accounts and the PCS. The a c t iv i ty  c ro s s ­
over matches the a c t iv i t i e s  supported by the expenditures from an i n s t i t u ­
t io n a l  account w ith the same a c t iv i t i e s  a sso c ia ted  w ith a PCS category . 
This r e c la s s i f ic a t io n  of u n iv e rs ity  expenditure  accounts in to  the PCS 
req u ire s  an a n a ly s is  of the purpose fo r  which expenditures were in cu rred .
The crossover procedure involves two im portant s tep s:
1. For each c u rren t funds expenditure  account, id e n tify  the 
purpose or o b jec tiv e s  of the expenditure incu rred . I t  is  
im portant to  keep in  mind th a t  the in s t i tu t io n a l  a c t iv i ty  
a n a ly s is  is  the  so le  b a s is  fo r  the crossover i t s e l f .  The 
crossover involves considerab ly  more than merely matching 
in s t i tu t io n a l  account names, o rg an iz a tio n a l u n it  d e sig n a tio n s , 
or fu n c tio n a l c la s s i f ic a t io n s  w ith  apparen tly  s im ila r  program 
c a teg o rie s  w ith in  PCS.
2. Match the id e n tif ie d  a c t iv i t i e s  o f each expenditure account 
w ith  the PCS a c t iv i t i e s  a t  the  program subcategory le v e l,
i f  p o ss ib le . O therw ise, match a t  the lowest lev e l p o ss ib le . 
The person making th is  match needs to  be thoroughly fa m ilia r  
w ith  PCS. 9
These crossover procedures were app lied  to  the accounting system 
a t  The U n ivers ity  o f Tennessee a t  N ashv ille  to derive  the data requ ired  
to  sim ulate CEM. A fter data  were e x tra c ted  from the accounting sytem,
PCS crossover procedures were app lied  to  the  ex trac ted  d a ta . These 
procedures produced a data  base adequate fo r  use in  v a lid a tio n  o f the 
sim u la tion  model.
q
Gordon Ziemer, Michael Young, and James Topping, Cost Finding 
P r in c ip le s  and Procedures (Boulder, Colorado: Western I n te r s ta te  Com­
m ission  fo r Higher Education, 1971), pp. 116-117.
V alid a tio n  Procedures
Although some u n iv e rs ity  a d m in is tra to rs  do not b e liev e  th a t  
v a lid a tio n  is  necessary p r io r  to using a sim u la tion  model,*-® many fe e l 
th a t  v a lid a tio n  should be attem pted p r io r  to  use o f a s im u la tion  model. 
V a lid a tio n  provides the model b u ild e r  and user w ith  a d d itio n a l confidence 
in  the sim ulation  model o u tp u ts . In  order to  maximize confidence in  the 
CEM, th is  research  p ro je c t w il l  apply both s in g le - le v e l  and m u lti- le v e l 
v a lid a tio n .
Single-L evel A naly sis . The data  derived  from the accounting 
system a t  The U n iversity  of Tennessee a t  N ashv ille  were used to  run CEM. 
The model sim ula tion  produced the data fo r  the School o f Business as 
shown in  Table VI. The re la te d  re p o rts  generated by the sim u la tion  model 
a re  found in  Appendix A. The data  cover the th ree -y ea r period  during 
which a separa te  campus has been m aintained in  N ashv ille  by The U n iversity  
o f Tennessee.
The h is to r ic a l  co st data  fo r  comparable time periods a re  compared 
w ith  the sim ulated co st data in  Table V I. Although the d iffe ren c e s  were 
n e g lig ib le  for 1969 and 1970, th e re  was a d iffe re n c e  of $12,665 or 5.94 
percen t in  the School o f Business in  1971 between a c tu a l  and sim ulated 
c o s ts .  This d iffe ren ce  was p rim arily  in  academic s a la r ie s  fo r  which 
sim ulated academic s a la r ie s  exceeded a c tu a l  academic s a la r ie s  by $10,168. 
This d iffe ren c e  re su lte d  from a change in  mix of p a rt- tim e  and fu ll- t im e  
fa c u lty  and a variance  between planned and a c tu a l  fa c u lty .
^ In te rv ie w  w ith  Dr. George K aludis, Vice C hancellor fo r  Adminis­
t r a t io n ,  V anderb ilt U n iv e rs ity , N ash v ille , Tennessee, October 24, 1972.
TABLE VI
UNIVERSITY OF TENNESSEE AT NASHVILLE 
SINGLE-LEVEL VALIDATION 
REGULAR INSTRUCTION COSTS AND FACULTY
Type o f  C ost 
and F a c u lty
1969 1970 1971
A ctu a l S im ulated V ariance Ac tu a l S im ulated V ariance A ctu a l S im ulated V ariance
Deans Cost $ 24,450 $ 24,000 $450- $ 26,340 $ 26,000 $340- $ 28,660 $ 29,550 $ 890+
Academic S a la r ie s 130,050 130,000 50- 132,141 132,000 141- 166,209 176,377 10,168+
S upport S ta f f  Wages 6,060 6,000 60- 6 ,360 6,300 60- 9,535 9,887 352+
S u p p lie s  and Expenses 7 ,540 7,300 240- 7,887 7,700 187- 8 ,365 8 ,740 375+
Equipment 875 1,100 225+ 1,231 1,200 31- 452 1,332 880+
T o ta l  School C osts $168,975 $168,400 $575- $173,959 $173,200 $759- $213,221 $225,886 $12,665+
T o ta l School F a c u lty 14.76 14.75 .0 1 - 14.76 14.75 . 01- 15.83 16.19 .36+
SOURCE: A ctu a l d a ta  a r e  £rom th e  acco u n tin g  system  a t  The U n iv e rs ity  o f  Tennessee a t  N a s h v il le .  S im ulated  d a ta  a re  from com puter r e p o r ts
g en e ra te d  by s im u la tio n  o f  the  CEM model.
I l l
M ulti-Level A na ly sis . A m u lti- le v e l approach to  v a lid a tio n  was 
a lso  used in  th is  research  p ro je c t.  The CEM was run w ith data  derived  
from the accounting system a t  The U n ivers ity  of Tennessee a t  N ash v ille . 
Resource requirem ents for reg u la r in s tru c tio n  a t  the campus, school, 
and departm ent le v e ls  were sim ula ted . The i n i t i a l  o b jec tiv e  of the 
h ie ra rc h ic a l  approach was to v a lid a te  model outputs a g a in s t known 
numbers o f fa c u lty , support s t a f f ,  and costs  fo r 1971. A summary of 
da ta  a t  each o rg an iza tio n  le v e l i s  shown in  Table V II, and the re la te d  
re p o rts  generated  by the sim ula tion  model are  found in  Appendix A.
TABLE VII
UNIVERSITY OF TENNESSEE AT NASHVILLE MULTI-LEVEL 
VALIDATION REGULAR INSTRUCTION COSTS 
AND FACULTY FOR YEAR 1971
O rgan izational A ctual Simulated Variance
Level FTE Costs FTE Costs FTE Cos ts
Campus a t  
N ashv ille 81.25 $1,227,497 87.72 $1,283,757 6.47+ $56,260+
School of 
Business 15.83 213,221 16.19 225,886 .36+ 12,665+
Department of 
Accounting 4.75 39,367 4.86 37,206 . 1 1 - 2,161-
Sim ulated to ta l  resource requirem ents fo r reg u la r in s tru c t io n  
fo r  the Campus a t  N ashv ille  were compared w ith a c tu a l expenditures in  
Table V II. A ctual co sts  fo r re g u la r  in s tru c tio n  amounted to  $1,227,497 
in  comparison w ith sim ulated co s ts  o f $1,283,757. Sim ulated co sts  were 
$56,260 or 4.59 percen t g re a te r  than a c tu a l c o s ts .
At the next le v e l ,  the resource requirem ents sim ulated by CEM
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fo r the School o f B usiness, as I l lu s t r a te d  In Table V II, amounted to  
$225,886; the a c tu a l expenditures by the School fo r  1971 amounted to  
$213,221. A variance of $12,665 or 5.94 p e rcen t between a c tu a l  and simu­
la te d  co sts  occurred a t  th is  le v e l of the o rg an iz a tio n .
Sim ulated resource requirem ents fo r  the Department o f Accounting, 
as shown in  Table V II, were compared w ith  a c tu a l expend itu res. A ctual 
expend itu res were $39,367 in  comparison w ith  sim ulated to ta l  Department 
c o s ts  o f $37,206. Simulated co sts  were th e re fo re  $2,161 or 5.49 percen t 
le s s  than a c tu a l expend itu res.
V a lid a tio n  R esu lts
V a lid a tio n  of a s im ula tion  model re q u ire s  an adequate data  base. 
Using PCS crossover procedures, a su i ta b le  d a ta  base was derived  from 
the u n iv e rs ity  accounting system. The derived  data  were then used to  
sim ulate  the CEM model.
A s in g le - le v e l  approach to  v a lid a t io n  was used to  dem onstrate 
the p re d ic tiv e  a b i l i ty  o f the model over a period  of tim e. In  th is  
macro approach, CEM was used to sim u la te  c o s ts  fo r  the School o f Busi­
ness fo r a th ree -y ea r p e rio d . The la rg e s t  d iffe re n c e  between a c tu a l 
expend itu res and sim ulated co sts  a t  the  School lev e l was a d iffe ren ce  
of 5.94 percen t in  1971. This d if fe re n c e  re s u lte d  from the combined 
e f f e c ts  o f a change in  fa c u lty  mix and va rian ce  between planned and 
a c tu a l  fa c u lty .
A m u lti- le v e l approach to v a lid a t io n  based upon 1971 data  was 
used to  dem onstrate the p re d ic tiv e  a b i l i t y  o f  CEM a t  d i f f e r e n t  lev e ls  
o f the  o rg an iz a tio n a l h ie ra rch y . In  summary form, th is  micro approach 
to  v a lid a tio n  produced the follow ing r e s u l ts  fo r  1971:
O rganization
Level
Campus a t  
N ashv ille  
School o f 
B usiness 
Department of 
Accounting
A ctual Costs
$1,227,497
213,221
39,367
Sim ulated Costs
$1,283,757
225,885
37,205
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P ercen t 
(Over)/Under 
A ctual
(4.59)7.
(5.94)
5.49
At the Campus le v e l ,  "V alida tion  w ith in  f iv e  percen t o f a c tu a l
c o s ts  i s  considered  satisfactory."'* ''*’ At lower lev e ls  in  the u n iv e rs ity
h ie ra rc h y , "The d iffe ren c e  between sim ulated  and a c tu a l co sts  a re  u su a lly
12somewhat g r e a te r ."  For example, a departm ental variance o f 6.50 p e rcen t
was considered  s a t is f a c to ry  fo r v a lid a t io n  purposes in  one u n iv e rs ity
13s im u la tio n  p ro je c t .
S im ulation of the CEM model a t  The U n iversity  o f Tennessee a t  
N ash v ille  produced r e s u l ts  th a t were w ith in  acceptable v a lid a tio n  c o n tro l 
l im i ts .  I t  is  concluded, th e re fo re , th a t  the p red ic tiv e  a b i l i t y  of CEM 
i s  s a t is f a c to r y  and th a t  the  model i s  an app rop ria te  means of genera ting  
c o s t in fo rm ation  fo r  use in  se lec ted  p o lic y  d ec is io n s .
SUMMARY
The prim ary purpose of the Cost E stim ation  Model (CEM) i s  to  
a s s i s t  u n iv e rs ity  decision-m akers in  ach iev ing  a good a llo c a t io n  of
11In te rv iew  w ith Dr. Michael H aight, Sim ulation S p e c ia lis t ,  N ationa l 
Center fo r  Higher Education Management Systems a t  WICHE, Boulder, Colo­
rado , October 2 , 1972.
1 2 Ib id .
13Robert A. Huff and Michael H aigh t, Implementation o f NCHEMS 
P lanning  and Management Tools a t  C a lifo rn ia  S ta te  U n iversity  a t  F u lle r to n  
(B oulder, Colorado: W estern I n te r s ta te  Commission fo r Higher Education,
A ugust, 1972), pp. 70-71.
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resou rces. The p o te n t ia l  uses o£ CEM include s ig n if ic a n t  c o n trib u tio n s  
to  decision-m aking, p lann ing , and prelim inary  budgeting . The GEM is  an 
in term ediate  le v e l sim ula tion  model fo r p ro je c tin g  h igher education  
in s tru c t io n  c o s ts . The model was designed to  r e f l e c t  r e a l i t y  and to  
accep t a c tu a l in s t i tu t io n a l  data or reasonable  fa c s im ilie s  th e re o f.
The CEM concen tra tes on modeling the in s tru c t io n  fu nc tion  of 
in s t i tu t io n s  of h igher educa tion . Complete documentation of the model 
as presented  in  th is  chap ter gives p rospective  users an in -dep th  under­
stand ing  of the CEM system. An understanding of the model allow s users 
to  implement and use the system e f f i c ie n t ly  and e f f e c t iv e ly .
A model is  most u se fu l when proven v a l id ,  and i t  i s  considered 
v a lid  i f  the model produces r e s u l ts  th a t  approxim ate the r e s u l ts  th a t 
would be produced by the r e a l  world system . The CEM produced v a lid  r e ­
s u l ts  w ith in  the se lec te d  u n iv e rs ity  environm ent. A s in g le - le v e l  a n a ly sis  
o f the School o f Business was prepared fo r  1969, 1970, and 1971. A m u lti­
le v e l an a ly s is  was prepared fo r  1971 re la te d  to  Campus, School o f Business, 
and Department o f Accounting c o s ts .  In  1971 th e re  was a d iffe re n c e  of 
5.94 percen t between a c tu a l and sim ulated c o s ts  fo r the School o f B usiness. 
This was the la rg e s t  variance  encountered in  model v a lid a tio n , and i t  
was w ith in  accep tab le  v a lid a tio n  c o n tro l l im i ts .  I t  i s  considered  appro­
p r ia te ,  th e re fo re , to  use co s t in form ation  generated  by CEM fo r se lec te d  
po licy  decisions in  the u n iv e rs ity  environm ent.
Chapter V i s  devoted to  se le c te d  sim u la tion  a p p lic a tio n s  and th e ir  
ev a lu a tio n . I t  is  concerned p rim arily  w ith the a p p lic a tio n  of computer 
sim ula tion  techniques to  the p o licy  a l te rn a t iv e s  faced by u n iv e rs ity  
decision-m akers. More s p e c i f ic a l ly ,  Chapter V i s  concerned w ith sim ula­
tio n  modeling to  a s s i s t  management w ith the so lu tio n  of se lec te d  u n iv e rs ity  
po licy  d ec is io n s .
CHAPTER V
THE USE OF SIMULATED COST INFORMATION IN 
SELECTED POLICY DECISIONS
Technical breakthroughs in  management are  d i f f i c u l t  to  document 
because re a l  progress involves more than the pronouncement of new 
th e o rie s  by management s c i e n t i s t s ;  a p p lic a tio n  of new th eo rie s  to  the 
p ra c t ic a l  problems of on-going o rgan iza tions i s  an equally  im portant— 
and freq u en tly  more d i f f i c u l t —p a rt of the ta s k .^  In  order fo r  h igher 
education  in s t i tu t io n s  to  survive and prosper in  the  p resen t environ­
ment, these  new ideas in  management technology must be app lied  to  the 
so lu tio n  of u n iv e rs ity  p o licy  d ec is io n s.
Among the  new ideas now firm ly  e s ta b lish e d  in  modern management 
technology, the planning-program m ing-budgeting-system  (PPBS) and 
sim ula tion  are  c le a r ly  re le v an t to  the task s of u n iv e rs ity  d ec is io n ­
makers and a d m in is tra to rs . PPBS is  a concept o f the m anager's ro le  
expressed through a s e t  of ad m in is tra tiv e  systems and procedures. 
Computer s im u la tion , a separa te  management technique, i s  spreading 
ra p id ly  through in d u stry  and government as a device which perm its 
managers to  Increase  the e ffe c tiv e n e ss  and e ff ic ie n c y  w ith which they 
can id e n tify  and meet th e i r  o b lig a tio n s  and o p p o rtu n itie s .
Although PPBS has been d iscussed  thoroughly in  an e a r l i e r
1Edwin D. E thering ton  and Richard F. V ancil, "Systems and Simu­
la t io n s ;  New Technology Goes to  Work on Decision-M aking," College and 
U n iv e rs ity  B usiness. XXXXVI (March, 1969), p . 55.
2 Ib id .
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research  study,** I t  is  re la te d  to  the u n iv e rs ity  management tasks con­
sidered  in  th is  re sea rch  p ro je c t .  Before continuing  w ith a c r i t i c a l  
examination of s im u la tio n , th e re fo re , i t  may be u se fu l to  in d ic a te  what 
PPBS i s  and how i t  r e la te s  to  th is  research  p ro je c t.  In a general sense, 
PPBS is  a system fo r :
1. P lannine i s  the  s e le c tio n  or id e n t i f ic a t io n  o f the o v e ra ll,  
long-range o b je c tiv e s  of the o rgan iza tion  and the system atic  
an a ly s is  of v a rio u s  courses of a c tio n  in  terms of r e la t iv e  
co s ts  and b e n e f i ts .
2. Programming is  decid ing  on the s p e c if ic  course of a c tio n  to  be 
followed in  ca rry in g  out planning d e c is io n s .
3. Budgeting i s  t r a n s la t in g  planning and programming decisions 
in to  s p e c if ic  f in a n c ia l  p lan s .
The b asic  concept of program budgeting i s  to  focus on output and 
choose the com bination of inpu t resources which b e s t accomplishes th a t 
ou tpu t. D efining such a s tru c tu re  i s ,  however, only a f i r s t ,  conceptual 
s te p . The next s te p  i s  a t  le a s t  equally  im portant: "B uilding an analy­
t i c a l  c a p a b il i ty  to  perm it r a t io n a l  ev a lu a tio n  of a l te rn a t iv e  programs 
and opera ting  p o lic ie s ." '*  Although such a n a ly s is  i s  d i f f i c u l t ,  computer 
sim ulation  o f fe rs  g re a t p o te n t ia l  in  th is  area.**
This c h ap te r, th e re fo re , is  concerned p rim a rily  w ith an explora­
t io n  of p o te n t ia l  a p p lic a tio n s  of computer sim u la tion  techniques to  the
3
H o ilice  H. Snyder, "S elected  Aspects of a Planning-Programming- 
Budgeting-System R elated  to  the A dm inistration  of C o lle g ia te  Education 
in  Texas" (Unpublished Ph.D. D is s e r ta tio n , Texas Technological Univer­
s i ty ,  1971).
4
James Farmer, Why P lanning . Programming. Budgeting Systems fo r 
Higher Education? (B oulder, Colorado: Western I n te r s ta te  Commission 
fo r  Higher E ducation, 1970), p . 7.
’’Edwin D. E th e r in g to n  and R ichard F . V an c il, Op. C i t . , p . 59.
6Ib id .
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management tasks faced by u n iv e rs ity  decision-m akers. More s p e c if ic a lly ,  
s im ula tion  is  app lied  to  s p e c if ic  case problems in  which appropria te  
models can a s s i s t  management w ith the so lu tio n  of p o licy  decisions 
encountered in  the u n iv e rs ity  environment.
DECISION HIERARCHY IN HIGHER EDUCATION
The decision  process in  h igher education c o n s is ts  of (1) find ing  
occasions fo r making a d ec is io n , ( 2 ) fin d in g  p o ss ib le  courses of a c tio n , 
and (3) choosing among courses of a c tio n .^  Although the  decision  process 
i s  u n iv e rsa l, there  may be d if f e r e n t  p a r t ic ip a n ts  involved in  po licy  
d ec is io n s a t  d if f e re n t  le v e ls  in  the o rg an iz a tio n  h ie ra rch y . The lev e l 
a t  which p o licy  decisions are made in  the h ie ra rch y  depends upon the 
a u th o rity  and re s p o n s ib i l i ty  re la tio n s h ip s  in  the s p e c if ic  h igher educa­
tio n  system.
The in te rn a l  decision  framework.of a u n iv e rs ity  o rg an iza tio n  was 
d iscussed  in  d e ta i l  in  Chapter I I .  T herefore , only a b r ie f  review of 
the r e s p o n s ib i l i t ie s  of t ru s te e s  and ad m in is tra to rs  in  the d ec is ion  
process as re la te d  to  The U n iv ers ity  of Tennessee System w il l  be con­
sidered  a t  th is  p o in t. The ro le  o f the h igher education  commission in  
the d ec is io n  framework w ill  be d iscussed  in  d e ta i l ,  however, to  app rise  
the read er of th e  powerful p o s itio n  of th is  o rg an iza tio n  in  the h igher 
education  decision  h ie ra rch y  in  Tennessee.
Tennessee Higher Education Commission
The Tennessee Higher Education Commission (THEC) is  a t  the apex
^H erbert A. Simon, The New Science o f Management D ecision (New 
York; Harper & Row, I960), p . 1.
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of the decision  h ie ra rch y  fo r  h igher education  in  Tennessee. I t  was 
c rea ted  by the L eg is la tu re  to  serve as the coordinating  council fo r  a l l  
pu b lic  h igher education  programs and in s t i tu t io n s  in  Tennessee. Among 
the many d u tie s  assigned  to  THEC by the  L eg is la tu re  was the a u th o r ity  
and re s p o n s ib ili ty :
To develop p o lic ie s  and formulae or gu ide lines fo r  th e  f a i r  and 
eq u itab le  d is t r ib u t io n  and use of pub lic  funds among the s t a t e 's  
in s t i tu t io n s  o f h igher le a rn in g . . .
To study the need fo r  p a r t ic u la r  programs, departm ents, aca­
demic d iv is io n , branch o p e ra tio n s , education  a c t iv i t i e s ,  p u b lic  
se rv ice  a c t iv i t i e s ,  and work program s. . .w ith p a r t ic u la r  view to  
th e i r  co st and re le v an c e . . .
To review and approve or disapprove a l l  proposals fo r  new degree 
programs. . .  or fo r  the estab lishm en t o f new academic departm ents or 
d iv is io n s ...®
Although the  scope of a u th o r ity  and re s p o n s ib i li ty  v ested  in  
THEC encompasses the e n t i r e  pub lic  sphere o f h igher education  in  
Tennessee, some of i t s  management r e s p o n s ib i l i te s  are d ir e c t  and o th ers  
a re  of an in d ire c t  n a tu re . For example, THEC has d ire c t  r e s p o n s ib i l i ty  
fo r recommending to  the  L eg is la tu re  the  amount of pub lic  funds to  be 
a llo c a te d  to  each u n iv e rs ity  system bu t i t  is  only in d ir e c t ly  resp o n sib le  
fo r  the funds provided each departm ent in  the u n iv e rs ity  system . There­
fo re , th is  research  p ro je c t w i l l  be p rim a rily  concerned w ith  the r e l a ­
tio n sh ip  of these  d i r e c t  management tasks to  the se lec ted  p o licy  d e c is io n s .
Board o f ' T rustees
Akin to  o th er in s t i tu t io n s  of h igher lea rn in g , The U n iv e rs ity  
of Tennessee is  governed by a Board o f T rustees. Although the  Board
®Jerry H. R ust, An In s tru c t io n a l  A nalysis of Tennessee P ub lic  
Higher Education (N ash v ille , Tennessee: Tennessee Higher Education
Commission, June, 1971), p . 1
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of T rustees u sua lly  f ix e s  so le  ad m in is tra tiv e  r e s p o n s ib i l i ty  in  the 
u n iv e rs ity  p re s id en t, they r e ta in  fou r b asic  r e s p o n s ib i l i t ie s :
1. To f i l l  vacancies and make changes in  the o ff ic e  of p re s id e n t.
2. To hold t i t l e  to and conserve p roperty .
3. To ac t as a cou rt of l a s t  r e s o r t .
4 . To hold the c h a r te r  and seek re v is io n  of i t  when i t  i s  deemed
necessary .
Although the focus of th is  d iscu ss io n  is  not meant to  exclude 
the Board of T rustees from the u n iv e rs ity  management p rocess, i t  seems 
wise to  recognize th a t  the in te rn a l  d ec is io n  framework a t  The U n iv ers ity  
of Tennessee i s  c o n tro lle d  p rim a rily  by u n iv e rs ity  a d m in is tra to rs .
The f in a l  recommendations made to  the  Board o f T rustees by the u n iv e rs ity  
p res id en t u su a lly  rece ive  prompt approval.
A dm inistrators
A fter the Board of T rustees de lega tes  primary a u th o rity  fo r  the 
adm in istra tion  of the  u n iv e rs ity  to  the p re s id e n t, he red e leg a tes  
a u th o rity  fo r the conduct of a l l  fu n c tio n s of the in s t i tu t io n .  The 
ad m in istra tio n  of a u n iv e rs ity  must perform  th ree  e s s e n t ia l  fu n c tio n s:
1. Provide educa tional lead e rsh ip  and to  c u lt iv a te  an image of the 
u n iv e rs ity .
2. Augment and a llo c a te  the scarce  economic resources of the  
u n iv e rs ity .
3. M aintain the u n iv e rs ity  as a going, v iab le  e n te rp r is e .
The functions of u n iv e rs ity  ad m in is tra to rs  were d iscussed  in
9M. A. Rauh, College and U n iv e rs ity  T rusteesh ip  (Yellow Springs, 
Ohio: The Antioch P re ss , 1959), p . 19.
^ Jo h n  D. M il le t t ,  The Academic Community (New York: McGraw-Hill
Book Company, 1962), p . 180.
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d e ta i l  In Chapter I I .  In order to focus on the pow er-structu rc  n t The 
U n iv e rs ity  of Tennessee, however, a b r ie f  view of the d ec is io n  h ie ra rch y  
a t  th a t  in s t i tu t io n  seems ap p ro p ria te . The c e n tra l  o rg an iza tio n  
s tru c tu re  a t  The U n iv ers ity  of Tennessee is  i l lu s t r a te d  in  Figure X I.
The Board of T rustees i s  a t  the apex of the c e n tra l  o rg an iza tio n  
s tru c tu re  fo r  The U n iv e rs ity  of Tennessee. The P residen t is  next in  
l in e  and he has d ir e c t  a d m in is tra tiv e  support from the General Counsel, 
an Executive A ss is ta n t, and a host of c le r ic a l  personnel. In  a d d itio n , 
se v e ra l Vice P res id en ts  w ith  a u th o rity  covering d iverse academic and 
a d m in is tra tiv e  func tions rep o rt to  the P re s id e n t. The C hancellor 
fo r  each campus re p o rts  d ire c t ly  to  the  P res id en t.
In  tu rn , the C hancellor fo r  each campus in  The U n iv e rs ity  of 
Tennessee System has been delegated  the a u th o rity  to  manage th e  academic 
and a d m in is tra tiv e  a f f a i r s  on th a t  campus. The Chancellor red e leg a te s  
the a u th o r ity  fo r  the conduct of these  functions. In pyramid fash ion , 
the a u th o r ity  fo r academic a f f a i r s  i s  delegated  downward to  the Vice 
C hancellor fo r Academic A ffa irs , the school d ire c to rs , and the d ep art­
ment chairmen. The a u th o r ity  fo r  ad m in is tra tiv e  a f f a i r s  is  de legated  
p rim a rily  to  the  Vice 'Chancellor fo r  A dm inistra tive  A ffa irs  or the  
C om ptroller. The t i t l e s  vary  from campus to  campus depending upon campus 
s iz e  and o th er o rg an iza tio n  fa c to r s .
The a u th o rity  and re s p o n s ib i l i ty  re la tio n sh ip s  vary  from system 
to  system. In Tennessee, fo r  example, po licy  decisions regard ing  new 
c o lle g e s , campuses, programs, and pub lic  se rv ice  a c t iv i t i e s  a re  made 
by THEC. Other p o licy  decisions are  made by the  u n iv e rs ity  board of 
t r u s te e s ,  the u n iv e rs ity  p re s id e n t, the campus chancello r, the school 
d i r e c to r ,  o r the  department chairman. In some cases, however, sev era l
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SOURCE: "Two F o rc es : One T h ru s t ,"  The U n iv e rs i ty  o f  Tennessee R ecord . LXXV (December, 1972), p . 9 .
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of these ad m in istra to rs  may p a r t ic ip a te  in  a p a r t ic u la r  p o lic y  d ec is io n .
As pointed out in  Chapter I I ,  th ere  are  a lso  occasions in  which a p o licy  
decision  may involve a t r i p a r t i t e  of a d m in is tra to rs , fa c u lty , and s tu d en ts ,
KEY VARIABLES IN UNIVERSITY POLICY DECISIONS
The d iffu s io n  of planning and c o n tro l throughout the  o rg an iza tio n
s tru c tu re  com plicates the task  of c o lle c tin g  inform ation re le v a n t to
sp e c if ic  d e c is io n s .^  N evertheless, a good management rep o rtin g  system
should provide p roperly  s tru c tu re d  inform ation  fo r  performance evalua- 
1 0t io n s . Likewise, a computer sim u la tion  model should provide properly  
s tru c tu re d  inform ation to  a s s i s t  management w ith the  so lu tio n  of p o licy  
d e c is io n s . Both should provide management w ith the key v a r ia b le s  which 
w il l  allow them to  b e t te r  perform  th e i r  decision-m aking fu n c tio n s .
A v a ria b le  i s  a co n d itio n  th a t  changes or may be changed as a
13r e s u l t  of processing a d d itio n a l data  through the system. A key
v a ria b le  is  one of c r i t i c a l  importance in  so lv ing  a problem or making 
14a d ec is io n . For example, e a rn in g s-p e r-sh a re  i s  considered a key 
v a ria b le  in  evaluating  the performance of a business e n te rp r is e .  For 
purposes of th is  research  study , key v a r ia b le s  are those items of in fo r ­
mation th a t a re  c r i t i c a l  to  given p o lic y  decisions in  h igher education .
^ C h a rle s  T. Horngren, Cost Accounting: A Managerial Emphasis 
(Englewood C l i f f s ,  New Je rse y : P re n tic e -H a ll, I n c .,  1972), p . 158.
^^M itchell H. R aiborn, "Systems Planning fo r Performance. Evalua­
t io n ,"  Management Accounting. L III  (August, 1971), p. 21.
13W illiam A. Bocchino, Management Inform ation Systems; Tools and 
Techniques (Englewood C l i f f s ,  New Je rse y : P re n tic e -H a ll, I n c .,  1972),
p. 43.
^^Robert N. Anthony, John Dearden, and Richard F. V ancil, Manage*- 
ment Control Systems: Text. Cases, and Readings (Homewood, I l l i n o i s :  
R ichard D. Irw in, In c . ,  1972), pp. 147-158.
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What are the key v a ria b le s  fo r po licy  decisions In h igher educa­
tio n ?  Although the key v a r ia b le s  may d if f e r  from one p o licy  d ec is io n  
to  ano ther, there  are sev era l items of inform ation th a t  have proven 
u se fu l in  making po licy  d ec is io n s in  h igher educa tion .^  The Cost 
E stim ation  Model (CEM) genera tes severa l of these  key v a r ia b le s  in c lu d ­
ing: to ta l  co sts  by d is c ip l in e ,  degree program, departm ent, and school; 
t o ta l  co sts  by in s tru c tio n  le v e l;  u n it  costs per c re d i t  hour by in s t ru c ­
t io n  le v e l;  and u n it  co sts  per major by in s tru c t io n  le v e l. In  a d d itio n , 
fu ll- t im e  (FTE) fa c u lty , s t a f f ,  and studen t in form ation  is  included in  
re p o rts  generated by CEM. This type inform ation would a s s i s t  management 
in  making a po licy  d ec is io n  regarding  the c re a tio n  of a new graduate 
degree program. For example, key v a ria b le s  in  such a d e c is io n  would 
include to ta l  co sts  fo r  the new graduate degree program and the  add i­
tio n a l  fa c u lty  and s t a f f  requirem ents generated by the new graduate degree 
program.
SELECTED POLICY DECISIONS IN HIGHER EDUCATION
The sim ula tion  model is  a n e u tra l and m alleable to o l .  I t s  r e a l  
value depends on the a b i l i t y  of the u ser to  recognize s i tu a t io n s  in  
which the model can be used and to  devise a l te rn a t iv e s  fo r  in v e s tig a tio n . 
S im ulation models, such as CEM, can be a s ig n if ic a n t  a id  in  h igher educa­
t io n  in  determ ining the resource im p lica tions of a l te rn a t iv e  p o l ic ie s .
Although a sim u la tion  model may be used to  experiment w ith 
numerous changes, the CEM w il l  be used in  th is  resea rch  study  to  a s s i s t  
decision-m aker8 in  h igher education  to  answer only c e r ta in  k inds of "What
15J e r r y  H. R u st, Loc. C i t .
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I f . . . ? "  q u estio n s . This research  p ro je c t w il l  be lim ited  to  s im u la tion  
modeling re la te d  to  these se le c te d  u n iv e rs ity  p o licy  d ec is io n s :
1. Admissions P o licy  Change A nalysis.
What i f  the u n iv e rs ity  experiences a 20 percen t increase  in  
enrollm ents a t  the  lower d iv is io n  lev e l?  What w il l  be the impact 
in  terms of in s tru c t io n a l  costs?
2. Curriculum Change A nalysis.
What i f  a new graduate degree program in  business i s  added to  
the curriculum ? What w il l  be the  impact in  terms of in s tru c ­
tio n a l  co sts?
3. O perational Param eter Change A nalysis.
What i f  th e re  is  a 25 percen t increase  in  fa c u lty  teach ing  loads 
a t  the lower d iv is io n  lev e l?  What w il l  be the impact in  terms 
of in s tru c t io n a l  c o s ts .
Several d i f f e r e n t  approaches are considered acceptab le  fo r  the 
ev a lu a tio n  of in form ation  generated  by computer sim ula tion  m o d e ls .^
This research  p ro je c t w il l  use the case study approach w ith in  the frame­
work of the u n iv e rs ity  d e c is io n  h ie ra rch y  to  evaluate  the  use of simu­
la te d  co s t inform ation  in  p o licy  d ec is io n s . The prim ary ev a lu a tio n  of 
in form ation  re la te d  to  a p a r t ic u la r  p o licy  d ec is io n  w il l  be made a t  the 
h ie ra rch y  le v e l n e a re s t to  the f in a l  dec is io n  p o in t. This approach w il l  
l im it  d u p lic a tio n  of p re se n ta tio n  and d iscu ssio n  of the same sim ulated 
c o s t Inform ation.
In  order to  thoroughly consider a p a r t ic u la r  p o lic y  d ec is io n , 
however, i t  may be necessary  to  mention c e r ta in  item s of inform ation  
a t  more than one le v e l in  the  d ec is io n  h ie ra rch y . For example, the  f in a l  
regard ing  approval of a new graduate degree program in  business may be 
made by the h igher education  commission bu t o ther segments of the h igher
W. Conway, "Some T ac tic a l Problems o f D ig ita l S im ulation ,"  
Management Science. XII (O ctober, 1963), p . 47.
education system may be v i t a l l y  concerned w ith  th is  p o lic y  dec ision . 
Thus, the primary ev a lu a tio n  of the  to ta l  co s ts  and personnel re q u ire ­
ments of the graduate degree program would be made a t  the  commission 
lev e l but i t  may be necessary  to  make p e r t in e n t  comments regard ing  th is  
case study a t  o th e r le v e ls  in  the h igher education  h ie ra rch y .
EVALUATION OF SELECTED POLICY DECISIONS
The d ec is io n  a l te rn a t iv e s  to  be sim ulated in  th is  research  study 
were sp e c if ied  in  the  prev ious se c tio n . Since th is  research  p ro jec t 
w il l  take a systems approach to  the e v a lu a tio n  o f p o licy  d e c is io n s ,^  
i t  seems ap p ro p ria te  a t  th is  p o in t to  in troduce questions such as:
Who i s  the decision-m aker? What inform ation  i s  needed in  the decision  
process? Can the  req u ired  inform ation  be sim ulated? A fte r these 
im portant questions have been brought to  the  fo re fro n t of th e  re a d e r 's  
mind, i t  i s  ap p ro p ria te  to  proceed w ith  a form al ev a lu a tio n  of the type 
po licy  d ec isions encountered in  the realm  of h igher education .
Admissions P o licy  Change A nalysis
People in  h igher education  a re  freq u e n tly  faced w ith decisions
regarding  a change in  adm issions p o lic y . This case study considers
sim ulated d e c is io n -a s s is t in g  inform ation  regard ing  the q u estio n :
What i f  The U n iv e rs ity  o f Tennessee a t  N ashv ille  experiences a 20 
percen t increase  in  enrollm ents a t  th e  lower d iv is io n  lev e l?  What 
w ill  be the impact in  terms of in s tru c t io n a l  costs?
This p o licy  d ec is io n  w il l  be viewed from th e  th ree  main le v e ls  in  the
u n iv e rs ity  d ec is io n  h ie ra rc h y . The prim ary ev a lu a tio n , however, w ill
^A  thorough d isc u ss io n  of the systems approach may be found in  C. 
West Churchman, The Systems Approach (New York: D elacorte P re ss , 1968).
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be made a t  the c ru c ia l  p o in t in  the decision  p ro cess . In  th is  case , 
the primary eva lua tion  occurs a t the  a d m in is tra to rs  le v e l .
THEC. Since each u n iv e rs ity  system determ ines i t s  own admissions 
p o licy  w ith in  general g u id e lin e s , THEC would not be the  prim ary d ec is io n ­
maker in  th is  case . THEC, however, is  charged w ith  the r e s p o n s ib i l i ty  
of developing gu id e lin es fo r  the f a i r  and eq u itab le  d is t r ib u t io n  of 
pub lic  funds among the in s t i tu t io n s  of h igher le a rn in g . They have
developed formulae fo r  the purpose of d is t r ib u t in g  p u b lic  funds which
18are  based upon s tu d en t c r e d i t  hours. In  the budgetary  p rocess , 
th e re fo re , the  u n iv e rs ity  a d m in is tra tio n  would f in d  i t  necessary  to  
provide THEC with aggregated inform ation based upon s tu d en t c re d i t  hours 
r e f le c t in g  the resource  requirem ents fo r the e n t i r e  u n iv e rs ity  system . 
Although CEM provides such inform ation , th is  research  p ro je c t  sim ulates 
inform ation only fo r  the N ashv ille  campus. I t  i s  p o s s ib le , however, 
to  use sim ula tion  modeling to  generate inform ation fo r  the  e n t i r e  u n i­
v e r s i ty  system.
Board of T ru s tee s . The Board of Trustees has u ltim a te  maanage- 
ment r e s p o n s ib i l i ty  fo r  The U n iversity  of Tennessee System. In regard  to  
adm issions, they have determ ined th a t  the economic law of dim inishing 
re tu rn s  occurs when a u n iv e rs ity  campus reaches a c e r ta in  maximum 
enrollm ent. Although the Board of Trustees has e s ta b lish e d  a c e i l in g  
of 27,500 s tuden ts  fo r  the K noxville campus, no adm issions l im its  have 
been e s tab lish ed  fo r  o th e r u n iv e rs ity  campuses.^  Thus, an admissions
18Je r ry  H. R ust, Loc. C it.
19"Enrollm ents Continue to  R ise ,"  The U n iv e rs ity  o f Tennessee 
Record. LXXV (December, 1972), p. 21.
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po licy  change is  c u rre n tly  w ith in  the province of management on the Nash­
v i l l e  campus.
A d m tn is tra to rs . As pointed out in  an e a r l i e r  s e c tio n , the term  
’’A dm in istra to rs" i s  of s u f f ic ie n t  b read th  to  cover a h o st of in te rn a l 
management personnel inc lud ing  those a t  the u n iv e rs ity  system, campus, 
school, and department le v e l .  T herefore, an ap p ro p ria te  p re fix  w il l  be 
used to  in d ic a te  the  h ie ra rch y  lev e l being d iscussed . And, only those 
le v e ls  which c o n trib u te  to  an understanding of the case being analyzed 
w ill  be considered .
CEM sim ula tion  generates re p o rts  WCEM13, WCEM14, WCEM15, and 
WCEM16. Although these re p o r ts  may be found in  Appendix I I ,  those key 
v a r ia b le s  r e la te d  to  th is  a n a ly s is  of a change in  admissions po licy  were 
e x tra c ted  from the re p o r ts . These key d ec is io n  v a ria b le s  a re  shown in  
Table V III.
TABLE V III
ADMISSIONS POLICY CHANGE 
LOWER DIVISION BUSINESS STUDENTS 
RELEVANT DECISION INFORMATION
20% Increase Increase 
D escrip tion  Base C onditions Enrollm ents ' (Decrease)
Lower D iv ision  Students 346 415 69
F acu lty  and S ta ff 31.31 33.38 2.07
T otal C red it Hours 8,802 9,847 1,045
Business Program Costs $592,284 $639,913 $47,629
Business School Costs 379,386 401,563 22,177
D irec t U nit C osts:
Per Major 838.81 823.29 ( 15.52)
Per C red it Hour 55.55 54.52 ( 1.03)
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Campus a d m in is tra to rs  would be concerned most w ith those v a r ia b le s  
which would have an impact upon the  budgetary p rocess . In  th e i r  view, 
an increase  of 69 s tuden ts would generate  1,045 a d d itio n a l c re d it  hours. 
These ad d itio n a l c re d i t  hours would r e s u l t  in  THEC a llo c a tin g  a d d itio n a l 
resources to  the N ashville  campus. The Chancellor would compare the 
estim ated budgetary funds w ith  the Increase of $47,629 in  business p ro ­
gram c o s ts . I f  the estim ated  in crease  in  budgetary funds exceeded the 
in crease  in  business program c o s ts , the Chancellor would favorably  con­
s id e r  implementing a change in  admissions p o lic y .
School a d m in is tra to rs  would be concerned p rim a rily  w ith those 
v a r ia b le s  which would d i r e c t ly  a f f e c t  opera tions in  the School of 
B usiness. In  th is  reg ard , an in crease  of 69 s tu d en ts  would req u ire  2.07 
a d d itio n a l fa c u lty  and s t a f f  personnel. The co st of opera ting  the School 
of Business would increase  by $22,177. Of course , the D irec to r would 
a ls o  be in te re s te d  in  th e  decreases in  d ire c t  u n it  c o s ts  of $15.52 per 
major and $1.03 per c re d i t  hour. A fte r considering  a l l  key v a r ia b le s , 
the D irec to r would tend to  favor an increase  in  enrollm ents of lower 
d iv is io n  business s tu d e n ts .
Department ad m in is tra to rs  would be concerned most w ith those 
v a ria b le s  which would d i r e c t ly  a f f e c t  departm ental o p e ra tio n s . The 
Chairman of each departm ent in  the  School of Business would be looking 
a t  the impact of a change in  enrollm ents on fa c u lty  and s t a f f  personnel 
requirem ents and departm ental opera ting  c o s ts . Although i t  would be too 
voluminous to  analyze the  CEM re p o r ts  fo r  a l l  departm ents, inform ation 
fo r  a ty p ic a l department has been e x tra c ted  from Appendix B fo r  i l l u s ­
t r a t iv e  purposes. For example, the  proposed curricu lum  change would 
r e s u l t  in  the Department of Accounting fa c u lty  and s t a f f  personnel
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requirem ents in c reas in g  from 5.98 to  6 .36 , and departm ental opera ting  
c o s ts  going from $74,541 to  $79,514. E s s e n tia lly , these v a r ia b le s  tend 
to  move in  the same d ire c tio n  fo r  the o th er departments in  the School 
o f B usiness. Thus, the  department chairmen would genera lly  tend to  
favo r an increase  in  lower d iv is io n  en ro llm en ts.
Curriculum  Change A nalysis
There is frequently pressure from sources inside and/or outside
the university to create new academic programs. The University of
Tennessee at Nashville is presently experiencing such a policy decision
r e la t in g  to  req u ests  fo r  a new graduate degree program in  business.
Estimates by the administration indicate that enrollments in a Master
of Science (M. S .) degree program in  business would be approxim ately 50
p ercen t of c u rre n t enrollm ents in  the M aster of Business A dm inistration
(M.B.A.) degree program. This case study considers sim ulated d ec is io n -
a s s is t in g  inform ation  regard ing  the q u estio n :
What if a new graduate degree program in business is added to the 
curriculum at The University of Tennessee at Nashville? What will 
be the impact in terms of instructional costs?
This p o lic y  d ec is io n  w il l  be viewed from th e  three main le v e ls  in  the 
u n iv e r s i ty  d ec is ion  h ie ra rch y . The prim ary ev a lu a tio n , however, w il l  
be made a t  the lev e l n e a re s t to  the d e c is io n  p o in t. In  th is  case , the 
prim ary ev a lu a tio n  occurs a t  the THEC le v e l .
THEC. THEC i s  requ ired  to  review and approve or disapprove a l l  
p roposals fo r  new degree programs. In  th is  review , p a r t ic u la r  a t te n ­
t io n  i s  given to  the co st and relevance of the proposed degree program. 
S everal key d ec is io n  v a ria b le s  re le v a n t to  th is  po licy  decision  a re  
i l l u s t r a t e d  in  Table IX. CEM re p o rts  may be found in  Appendix B.
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TABLE IX
CURRICULUM CHANGE 
ADDITION OF GRADUATE BUSINESS PROGRAM 
RELEVANT DECISION INFORMATION
D escrip tion Base Conditions
New M.S. 
Program
Increase
(Decrease)
Graduate Students 54 81 27
F acu lty  and S ta ff 31.31 33.69 2.39
T otal C red it Hours 8,802 9,123 321
Graduate Program Costs $71,425 $103,157 $31,732
Business School Costs 379,386 410,724 31,338
D irec t U nit Costs:
Per Major 1,410.35 1,359.75 ( 50 .60)
Per C red it Hour 118.52 114.26 ( 4 .26)
The THEC takes a s ta te -w id e  view of p o lic y  d ec isions regard ing  
new degree programs. Thus, key v a r ia b le s  such as the change in  number 
of graduate s tu d e n ts , fa c u lty  and s t a f f ,  and graduate program c o s ts  are  
of prime importance to  THEC. In  order to  provide graduate education  
o p p o rtu n itie s  in  business fo r  approxim ately 27 s tu d en ts  in  an M. S. 
program, THEC must be w il lin g  to  allow  the N ashv ille  campus to  employ 
2.38 a d d itio n a l fa c u lty  and s t a f f  personnel, and au tho rize  a d d itio n a l 
annual expenditures of a t  l e a s t  $31,732.
Although the q u a n ti ta t iv e  in form ation  would seem to  support a 
favorab le  d ec is ion  regard ing  the req u est fo r  the  new graduate degree 
program, THEC must consider se v e ra l q u a l i ta t iv e  fa c to rs  in  making a 
d ec is io n  regard ing  the requested  M. S. degree program in  b u s in ess . This 
l i s t  i s  not exhaustive b u t some of the  more im portant q u a l i t ia t iv e
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questions THEC must consider Include: What w il l  be the Impact of the
new program on the N ashville  community and the S ta te?  Is  there  is  
s im ila r  program a t a nearby u n iv e rs ity ?  W ill the new program siphon 
studen ts from an e s ta b lish e d  program? Does the  proposed program have 
the support o f a stro n g  p o l i t i c a l  group?
Inform ation regard ing  program co sts  can be determined in  a f a i r ly  
o b jec tiv e  manner; whereas, the relevance of a new academic program may 
be h igh ly  su b je c tiv e . A fte r considering  both the q u a n ti ta t iv e  and non- 
q u a n ti ta t iv e  f a c to r s ,  THEC w il l  e i th e r  approve or disapprove th is  r e ­
quest fo r a new M. S. degree program in  b u s in e ss . H opefully, THEC w ill  
not allow p o l i t i c a l  p ressu re  to  be the  determ ining fa c to r  in  th is  
im portant p o licy  d ec is io n .
Board of T ru s te e s . Although THEC must take a s ta te -w id e  view 
regarding  the requested  program, the Board o f T rustees views the request 
fo r  a new M. S. degree program in business from the  view point of the 
needs and demands of The U n iversity  o f Tennessee System. In th is  regard , 
The U riv e rs ity  of Tennessee does not p re se n tly  have a s im ila r  graduate 
program in  opera tion  in  the N ashville  v ic in i ty .  I f  u n iv e rs ity  adm inis­
t r a to r s  recommend the c re a tio n  of such a program, th e re fo re , the  Board 
of T rustees w i l l  probably approve the req u e s t.
A d m in is tra to rs . Campus ad m in is tra to rs  would be concerned most 
w ith those v a r ia b le s  which would have an impact upon the budgetary 
process. In th e i r  view, the new graduate program would add 27 studen ts 
and 321 c re d i t  hours. In  tu rn , the program would req u ire  a d d itio n a l 
annual expenditures o f $31,732. I f  the  a d d itio n a l expenditu res were 
le s s  than estim ated  budgetary funds generated by the new program, the 
Chancellor would favorab ly  consider recommending the  c re a tio n  of a
new M. S. degree program in business.
School a d m in is tra to rs  would be concerned p rim arily  w ith those 
v a ria b le s  which would d i r e c t ly  a f fe c t  opera tions in  the School of 
B usiness. In th is  reg ard , the a d d itio n  of 27 graduate s tuden ts would 
req u ire  2.38 a d d itio n a l fa c u lty  and s t a f f  personnel. The c o s t of 
opera ting  the School of Business would increase  by $31,338. Of course, 
the D irec to r would a lso  be in te re s te d  in  the decreases in  d ir e c t  u n it  
co sts  of $50.60 per major and $4.26 per c re d i t  hour of graduate in s tru c ­
t io n . A fte r considering  a l l  key v a r ia b le s , the D irec to r would tend to  , 
recommend the c re a tio n  of the new graduate program.
Department ad m in is tra to rs  would be concerned most w ith those 
v a ria b le s  which would d i r e c t ly  a f fe c t  departm ental o p e ra tio n s . The 
Chairman of each department in  the School of Business would be looking 
a t  the  impact of the  new graduate program on fa c u lty  and s t a f f  personnel 
requirem ents and departm ental opera ting  c o s ts . Although i t  would be too 
voluminous to  analyze the CEM re p o rts  fo r  a l l  departm ents, inform ation 
fo r a ty p ic a l departm ent has been e x tra c ted  from Appendix B fo r  i l l u s ­
t r a t iv e  purposes. For example, the proposed curriculum  change would 
r e s u l t  in  the Department of Accounting fa c u lty  and s t a f f  personnel 
requirem ents in c reas in g  from 5.98 to  6 .34, and departm ental opera ting  
costs  going from $74,541 to  $80,173. E s s e n tia l ly , these v a ria b le s  
tend to  move in  the  same d ire c tio n  fo r the  o ther departm ents in  the 
School of B usiness. Thus, the department chairmen would g en era lly  
tend to  favor the  c re a tio n  of a new M. S. degree program in  business .
O perational Param eter Change A nalysis
There i s  no t a consensus regard ing  the le v e l of fa c u lty  teaching
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loads. For example, fa c u lty  teaching  loads a t  co lleg es In  Tennessee
a re  15 con tac t hours per week a t  the undergraduate le v e l and 12 con tac t
hours per week a t  the  graduate le v e l;  whereas, fa c u lty  teaching  loads
In The U n ivers ity  o f Tennessee System a re  12 co n tac t hours and 9 con tac t
hours re sp e c tiv e ly . Under mandate from the L e g is la tu re , the fa c u lty
20teach ing  load s i tu a t io n  In Tennessee Is p re se n tly  being s tu d ied . I t  
Is  tim ely , th e re fo re , to  consider what key v a r ia b le s  CEM can generate  
to  a s s i s t  w ith th is  Im portant and c o n tro v e rs ia l po licy  d e c is io n . This 
case study considers sim ulated d e c is io n -a s s is t in g  Inform ation regarding  
the question :
What I f  there  Is  a 25 percen t Increase  In  fa c u lty  teach ing  loads 
a t  The U n iv e rs ity  of Tennessee a t  N ashv ille?  What w il l  be the 
impact in  terms of in s tru c tio n a l  costs?
This po licy  d ec is io n  w il l  be viewed from the th ree  main le v e ls  in  the 
u n iv e rs ity  d ec is io n  h ie ra rch y . The prim ary ev a lu a tio n , however, w il l  
be made a t  the c ru c ia l  p o in t in  the  d ec is io n  p rocess . In  th is  case, 
the prim ary ev a lu a tio n  occurs a t  the .Board of T rustees le v e l .
THEC. In the f in a l  a n a ly s is , the  L eg is la tu re  may e s ta b l is h  s ta te  
wide teach ing  loads and work loads fo r a l l  pu b lic  co lleges and u n iv e r­
s i t i e s  through the le g is la t iv e  process. In a l l  p ro b a b il i ty , however, 
th e i r  le g is la t io n  w il l  be based a t  le a s t  p a r t i a l l y  upon the  recommenda­
tio n s  of THEC. In tu rn , the recommendations by THEC w il l  consider the 
suggestions made by the  v a rio u s co llege  and u n iv e rs ity  ad m in is tra to rs  
through th e i r  re sp ec tiv e  board of t ru s te e s .  Although cost fa c to rs  may 
p lay  a p a r t  in  th is  po licy  d ec is io n , o th er n o n -q u an tita tiv e  fa c to rs
20In terv iew  w ith Dr. Je r ry  R. R ust, D irec to r of A dm in istra tive  
A ffa irs , Tennessee Higher Education Commission, N ash v ille , Tennessee,
June 2, 1972.
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may plan an even more Important p a r t  In any suggestions, recommendations, 
or le g is la t io n  regard ing  teaching loads.
Board pf T ru s te e s . The Board of T rustees has u ltim a te  manage­
ment re s p o n s ib i l i ty  fo r The U n iv ers ity  o f Tennessee System. In  regard  
to  teach ing  loads, they have determined th a t 12 con tac t hours a t  the 
undergraduate le v e l and 9 con tac t hours a t  the  graduate le v e l co n tr ib u te  
more to  the o v e ra ll  o b jec tiv e s  of the in s t i tu t io n  than some o th e r  com­
b in a tio n . This p o licy  d ec is io n  was made, however, a t  a time when th e i r  
only c o n s id e ra tio n  was the K noxville campus. And, the K noxville campus 
was charged w ith a strong  resea rch  re s p o n s ib i l i ty  in  a d d itio n  to  i t s  
primary ro le  of academic in s tru c t io n . Thus, a re a p p ra isa l o f i t s  p o licy  
regard ing  teach ing  loads may be p a s t due.
The U n iv ers ity  of Tennessee System p re se n tly  c o n s is ts  of f iv e  
campuses loca ted  a t  K noxville , Memphis, M artin, Chattanooga, and Nash­
v i l l e .  Each campus has a d i s t in c t  ro le  in  The U n iv ers ity  of Tennessee 
System. Although the K noxville campus re ta in s  the  major resea rch  
r e s p o n s ib i l i ty  w ith in  The U n iv e rs ity  of Tennessee System, o th e r  campuses 
are  a c tiv e ly  involved in  se lec te d  pure and /or app lied  resea rch  a c t iv i ­
t i e s .  In  a d d itio n , the N ashv ille  campus is  deeply involved in  p u b lic  
se rv ice  a c t i v i t i e s .  Thus, i t  would seem app rop ria te  to  consider aca-. 
demic in s tru c t io n , re sea rch , and pu b lic  se rv ice  a c t iv i t i e s  in  determ in­
ing ap p ro p ria te  fa c u lty  teach ing  loads. In  e f f e c t ,  the Board of T rustees 
must determ ine what combination of these  a c t iv i t ie s  would co n tr ib u te  
most to  the achievement o f the o v e ra ll  o b jec tiv es  of the in s t i tu t io n .
Since th is  resea rch  p ro je c t  sim ulates inform ation only fo r  the 
N ashv ille  campus, i t  does not provide the inform ation req u ired  fo r a 
system-wide p o licy  d ec is io n . CEM re p o r ts  in  Appendix B i l l u s t r a t e
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however, th a t sim ula tion  could be used to  generate  q u a n ti ta t iv e  in fo r ­
mation fo r the e n t i r e  System. And, key v a ria b le s  in  Table X allow the 
Board of T rustees an opportun ity  to  make a p i lo t  po licy  decision  using 
inform ation about the business fa c u lty  on the N ashv ille  campus.
TABLE X
OPERATIONAL PARAMETER CHANGE 
INCREASE FACULTY TEACHING LOAD 
RELEVANT DECISION INFORMATION
D escrip tion Base Conditions
25% Increase  
Teaching? Loads
Increase
(Decrease)
Lower D ivision  Students 346 346 0
F aculty  and S ta ff 31.31 29.20 ( 2 . 11)
T otal C red it Hours 8,802 8,802 0
Business Program Costs $592,284 $543,167 ($49,117)
Business School Costs 379,386 357,261 ( 21,125)
D irec t Unit C osts:
Per Major 838.81 693.63 ( 145.18).
Per C red it Hour 55.55 45.94 ( 9.61)
A change in  fa c u lty  teach ing  loads a t  the  lower d iv is io n  le v e l 
from 12 con tac t hours to  15 co n tac ts  hours was sim ulated . This 25 
percen t increase  in  co n tac t hours fo r  the  business fa c u lty  a t  The Uni­
v e rs i ty  of Tennessee a t  N ashv ille  would r e s u l t  in  a red u c tio n  of 2.11 
fa c u lty  and s t a f f  pe rsonnel, and a decrease of $49,117 in  business p ro ­
gram expend itu res. Although th e  q u a n ti ta t iv e  fa c to rs  would suggest an 
increase  in  teach ing  loads, o th e r n o n -q u an tita tiv e  fa c to rs  should be 
considered in  the d ec is io n  p ro cess .
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Other fa c to rs  to  be considered Include the  q u a n tity  of research  
and public  se rv ice  a c t i v i t i e s ,  and the q u a li ty  of academic in s tru c t io n . 
Although there  a re  lim ite d  research  a c t iv i t i e s  on the N ashv ille  campus, 
there  a re  su b s ta n tia l  pub lic  se rv ice  a c t i v i t i e s .  Should these a c t iv i t i e s  
be reduced in  order to  increase  the q u a n tity  of academic in s tru c tio n ?  
Should the q u a li ty  of academic in s tru c tio n  be reduced in  order to  in ­
crease the q u a n tity  of academic in s tru c tio n ?  Should fa c u lty  teaching  
loads be allowed to  remain a t  12 con tac t hours a t  th e  undergraduate lev e l 
and 9 con tac t hours a t  the graduate lev e l?  These a re  no t easy questions 
to  answer, but the  Board of T rustees must consider both cost and bene­
f i t  fa c to rs  p r io r  to  making th e ir  suggestions to  THEC regard ing  fa c u lty  
teaching loads fo r  d is c ip l in e s ,  departm ents, sch o o ls , and campuses. .
A d m in is tra to rs . Campus ad m in is tra to rs  would be concerned most 
w ith those fa c to rs  which would have the g re a te s t  impact on the  ro le  
and scope of the campus. The Chancellor of The U n iv e rs ity  of Tennessee
a t  N ashville  was re c e n tly  a lso  appointed Vice P re s id e n t fo r  P ub lic
21A ffa irs  fo r  the e n t i r e  system. A major reason underly ing  th is  ap p o in t­
ment was the f a c t  th a t  the N ashville  campus is  more involved in  pub lic  
se rv ice  a c t iv i t i e s  than any o ther campus in  The U n iv e rs ity  of Tennessee 
System. One may be assu red , th e re fo re , th a t  a tra d e o ff  between p u b lic  
se rv ice  a c t iv i t i e s  and academic in s tru c tio n  w il l  no t be suggested by the 
C hancellor. And, the business fa c u lty  develop and p re sen t the m ajo rity  
of the pub lic  se rv ice  programs. Although a 25 p e rcen t in crease  in  teach ­
ing loads would r e s u l t  in  a $49,117 reduc tion  in  business program c o s ts , 
i t  i s  h igh ly  u n lik e ly  th a t  the Chancellor would consider th is  amount
21 "Board Approves A dm inistrative Changes," The U n iv ers ity  o f Ten­
nessee Intercampus N ew sle tte r. IV (January 29, 1973), p . 1
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equal to  the b e n e f i ts  to  be derived from a con tinuation  of the p re sen t 
lev e l of pub lic  se rv ice  a c t i v i t i e s .  I t  i s  p o ss ib le , however, th a t 
fa c u lty  ou tside  the  School of Business who are no t d ir e c t ly  involved in  
p u b lic  se rv ice  a c t iv i t i e s  may find  th e i r  fu tu re  teaching  loads in c reased .
School ad m in is tra to rs  would be concerned p rim arily  w ith how an 
in crease  in  teach ing  loads would a f f e c t  th e  morale of the business 
fa c u l ty . A red u c tio n  of 2.11 fa c u lty  and s t a f f  personnel requirem ents 
would c e r ta in ly  have a negative  e f f e c t  on m orale. And, the increased  
teaching  loads fo r  those who remained w ith the School o f Business would 
a lso  have a negative  e f f e c t  on m orale. Although the  D irec to r should 
consider the red u c tio n  of $22,125 in  opera ting  the School of Business 
and the  red u c tio n  in  d i r e c t  u n it  c o s ts  o f $145.18 per major and $9.61 
p er c r e d i t  hour, th is  i s  one p o licy  d ec is io n  wherein n o n -q u an tita tiv e  
fa c to rs  should be given primary co n sid e ra tio n . O therw ise, the  business 
program could be sev ere ly  damaged.
Department a d m in is tra to rs  would be concerned most w ith  how an 
in c rease  in  teach ing  loads would a f f e c t  the morale and rec ru itm en t of 
f a c u l ty . Both morale and fa c u lty  rec ru itm en t would be a ffe c te d  in  a 
negative  manner by an increase  in  teach ing  loads. Although i t  would 
be too voluminous to  analyze the CEM re p o rts  fo r  a l l  departm ents, 
in form ation  fo r  a ty p ic a l department has been ex trac ted  from Appendix 
B fo r  i l l u s t r a t i v e  pprppses. For example, the  proposed in c rease  in  
fa c u lty  teach ing  loads r e s u l t s  in  the Department of Accounting fa c u lty  
and s t a f f  personnel requirem ents decreasing  from 5.98 to  5*57, and 
departm ental opera ting  c o s ts  going from $74,541 to  $69,289. E s s e n tia l ly ,  
these  v a ria b le s  tend to  move in  the same d ire c tio n  fo r  the o th er de­
partm ents in  the  School of B usiness. Under p resen t market c o n d itio n s ,
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the department chairmen should emphasize the importance of the non- 
q u a n tita tiv e  fa c to rs  in  th is  p o licy  d e c is io n . O therw ise, the  d e p a rt­
ments may suddenly be devoid o f fa c u lty .
IMPLICATIONS OF SIMULATED COST INFORMATION FOR 
UNIVERSITY POLICY DECISIONS
One of the most ra p id ly  growing areas in  the f ie ld  of d ec is io n -
22a s s is t in g  inform ation systems is  th a t  of computer sim ula tion  modeling.
In th is  study , the CEM model has been used to  sim ulate co st and personnel 
inform ation fo r  u n iv e rs ity  p o lic y  d e c is io n s . Comments from lead ers  in  
h igher education a t  the n a tio n a l ,  s t a te ,  and u n iv e rs ity  le v e l suggest 
p resen t and fu tu re  im p lica tio n s fo r  inform ation  generated by s im u la tio n .
Comments a t  the N ational Level
At the n a tio n a l le v e l ,  many u n iv e r s i t ie s  are  using CEM fo r the
p rep a ra tio n  o f annual budgets , h i s to r ic a l  co st s tu d ie s , and o ther
sp e c ia l decision-m aking purposes. Although some u n iv e r s i t ie s  a re  using
the f u l l  capacity  o f CEM, most u n iv e r s i t ie s  a re  using i t  only fo r  two
23to  th ree  year p ro je c tio n s .
The tech n ica l problems of sim u la tion  modeling in  h igher education  
have been solved. Although the tec h n ic a l problems have been overcome, 
the determ ination  of th e  b e s t  uses of s im ula tion  modeling in  u n iv e rs ity  
management i s  ju s t  s ta r t in g .  In  f a c t ,  i t  may w ell be th re e  to  f iv e
22Robert G. Murdick and Jo e l E. Ross, Inform ation Systems fo r  
Modem Management (Englewood C l i f f s ,  New Je rsey : P re n tic e -H a ll, I n c . ,
1971), p . 243.
23 Interview  w ith Dr. Robert A. H uff, D irec to r o f T rain ing , Western 
I n te r s ta te  Commission fo r  Higher E ducation, Boulder, Colorado, October 
2 , 1972.
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24years before  these management use problems are solved.
WICHE Is considering  the p o s s ib i l i ty  of a computer tim e-sharing  
approach to  sim ula tion  modeling. In  the fu tu re , th e re fo re , many sm all 
co lleg es who do not have adequate computer f a c i l i t i e s  on th e i r  campus 
to  p rocess CEM or o ther la rg e -sc a le  sim u la tion  models could s t i l l  use 
sim u la tion  modeling to  improve th e i r  decision-m aking pe rfo rm an ce .^
Comments a t  the S ta te  Level
THEC is  p re se n tly  u sing  se v e ra l formulae fo r budgeting and 
resource a llo c a tio n  purposes. I t  i s  re p o rte d , however, th a t by the  la te  
1970's these  functions w i l l  be performed w ith the a id  of s im u la tion  
m odeling. This research  p ro je c t  i s  the  f i r s t  CEM sim ulation  modeling 
a p p lic a tio n  in  the S ta te  o f Tennessee. In  THEC's view, such s tu d ie s  w i l l
a s s i s t  the c re a tio n  and estab lishm en t of gu idelines fo r a s ta te -w id e
26sim u la tion  system.
Comments a t  the  U n iv e rs ity  Level
The Chancellor o f The U n iv e rs ity  o f Tennessee a t  N ashv ille  com­
mented th a t  he i s  very in te re s te d  in  th e  sim ula tion  of inform ation  fo r  
use in  p o lic y  d e c is io n s . He was extrem ely impressed w ith  the  q u a li ty  
and q u a n tity  of inform ation  generated w ith  CEM. Furtherm ore, he does 
not see how a d m in is tra to rs  can continue to  make lo g ic a l d ec is io n s in  th e
In terv iew  w ith  Dr. Michael H aigh t, Sim ulation S p e c ia l is t ,  W estern 
I n te r s ta te  Commission fo r  Higher E ducation, Boulder, Colorado, October 2 , 
1972.
26
In terv iew  w ith Dr. J e r ry  H. R ust, D irec to r of A dm inistra tive  
A f fa ir s ,  Tennessee Higher Education Commission, N ashv ille , Tennessee,
June 2 , 1972.
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fu tu re  w ithout the a id  of sim ulated in fo rm ation . The C hancellor s ta te d  
th a t  he would be w il lin g  to  spend $2 0 ,0 0 0  to  $25,000 a year to  achieve 
an o p e ra tio n a l sim u la tion  system because he b e lie v e s  the sim ulated in fo r ­
mation would allow  him to  achieve b e t te r  r e s u l t s .  These funds would
cover the annual expend itu res fo r  personnel s a la r ie s  and computer
27f a c i l i t i e s  requ ired  to  support a sim u la tion  system . More re c e n tly , 
the C hancellor has c rea ted  a p o s it io n  fo r a D irec to r o f I n s t i tu t io n a l  
Research. Among o th er d u tie s , the  in d iv id u a l named to  th is  p o s itio n  
w ill  be resp o n sib le  fo r  the im plem entation o f an on-going sim ula tion
O  O
system.
The Vice C hancellor fo r  Academic A ffa irs  a t  The U n iv e rs ity  of 
Tennessee a t  N ash v ille  commented th a t  he be lieved  sim ulated inform ation 
would help  him make b e t te r  d e c is io n s . He a ls o  s ta te d  th a t  the in fo r ­
m ation generated by CEM was the kind he needed fo r  many of h is  d ec is ion  
problems. A co st of $20,000 to  $25,000 a year fo r  op era tin g  such a 
sim ula tion  system seemed reasonable  to  him.^9
In the School ot B usiness, the  D irec to r was favorab ly  impressed 
w ith the re p o rts  generated  by CEM sim ula tion  techn iques. He believed  
sim ulated co st and personnel inform ation would be d e s irab le  on a con­
tin u in g  b a s is .  Department Chairmen a lso  viewed CEM inform ation  as 
d e s ira b le  and u se fu l fo r  decision-m aking purposes. Management a t  th is
27Interv iew  w ith  Dr. Roy S. N icks, C hancello r, The U n iv e rs ity  of 
Tennessee, N ash v ille , Tennessee, October 26, 1972.
28" I n s t i tu t io n a l  Research D irec to r Named," UTNews. I  (February 
5 , 1973), p . 2.
29^ Interview  w ith  Dr. Eugene Upshaw, Vice C hancellor fo r  Academic 
A ffa ir s ,  The U n iv e rs ity  of Tennessee, N ash v ille , Tennessee, October 26, 
1972.
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le v e l,  however, s ta te d  th a t  the cost question  would have to  be answered
30a t  a h igher a d m in is tra tiv e  le v e l.
There Is  consensus among n a tio n a l, s t a te ,  and u n iv e rs ity  admin­
i s t r a to r s  regarding  the m atter of sim ulation  modeling. A ll ad m in is tra ­
to rs  Interview ed a sse r te d  th a t  they thought th a t  co st inform ation  simu­
la te d  w ith CEM would be u se fu l in  the u n iv e rs ity  d e c is io n  p ro cess . They 
f e l t  th a t such inform ation  would a id  w ith im portant p o lic y  d e c is io n s . 
Although in terv iew s in  th is  research  p ro je c t were lim ite d  to  WICHE,
THEC, and U n ivers ity  of Tennessee personnel, in te rv iew s made across the  
United S ta tes by the  WICHE o rg an iza tio n  tend  to  support these  conclu­
sions.^*
SUMMARY
Technical breakthroughs in  management are d i f f i c u l t  to  document 
because progress involves more than the pronouncement of new th eo rie s  
by management s c i e n t i s t s ;  a p p lic a tio n  of new th e o rie s  to  the  p ra c t ic a l  
problems of on-going o rg an iza tio n s is  an equally  im portan t—and f re q ­
u e n tly  more d i f f i c u l t —p a r t  o f the ta sk . These new ideas in  management 
technology must be app lied  to  the  so lu tio n  of u n iv e rs ity  p o licy  d e c is io n s .
Among the new ideas now firm ly  e s tab lish ed  in  modem management 
technology, two a re  c le a r ly  re le v a n t to  the  task s of u n iv e rs ity  admin­
i s t r a t o r s .  These a re  PPBS and computer sim u la tion . Although PPBS has
30Interv iew  w ith  Dr. John T. Masten, D ire c to r , School of B usiness, 
The U niversity  o f Tennessee, N ashv ille , Tennessee, October 26, 1972.
^*Robert A. H uff, Loc. C lt , .
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been considered in  th is  s tu d y , th is  research  p ro je c t has I l lu s t r a te d  
the l a t t e r  Idea.
The sim ula tion  model I s  a n e u tra l  and m alleable to o l. I t  may 
be used to  answer v a rious k inds of "What I f . . . ? "  q u estio n s . In  th is  
research  p ro je c t, i t s  use was lim ited  to  se lec ted  u n iv e rs ity  p o licy  
decisions includ ing  changes in  ( 1) adm ission po icy , ( 2 ) curriculum , 
and (3) o p e ra tio n a l param eters. Each of these th re e  cases were evaluated  
se p a ra te ly . Although each case was viewed from the th ree  main le v e ls  
—THEC, Board of T ru stees , and U n iv ers ity  A dm in istra to rs—in  the 
decision  h ie ra rch y , the  prim ary ev a lu a tio n  was made a t  the c ru c ia l  po in t 
in  the decision  p rocess .
Im plica tions fo r  sim ulated  inform ation  in  the  u n iv e rs ity  d ec is ion  
process were considered . In terv iew s w ith  ad m in istra to rs  a t  th e  n a tio n a l, 
s ta te ,  and u n iv e rs ity  le v e l in d ic a te d  th a t  CEM inform ation was u se fu l 
fo r  decision-m aking purposes. The consensus was th a t  such inform ation  
would a id  with im portant p o lic y  d e c is io n s .
Chapter VI w i l l  be p r im a rily  concerned w ith the  summary and 
conclusions of th is  resea rch  p ro je c t .  In  ad d itio n , i t  w i l l  con ta in  
recommendations fo r  fu r th e r  re sea rch  in  sim ulation  modeling in  the  u n i­
v e rs i ty  environment.
CHAPTER VI
SUMMARY AND CONCLUSIONS
In  the main, the a p p lic a tio n  of computer s im lla tio n  techniques 
to  a u n iv e rs ity  c o s t model generates inform ation which is  u se fu l in  
the u n iv e rs ity  d ec is io n  p rocess . This general conclusion  re su lte d  
from allow ing u n iv e rs ity  ad m in is tra to rs  to  pose se lec te d  "What I f . . . ? "  
questions to  a co s t sim ula tion  model, to  explore d i f f e r e n t  a l te rn a t iv e s ,  
and to  use sim ulated inform ation in  evaluating  the consequences of 
se lec te d  po licy  d e c is io n s .
SUMMARY
There are s u b s ta n t ia l  d iffe ren ces  between business e n te rp r is e s  
and u n iv e r s i t ie s .  The s im i la r i t i e s  among in d iv id u a l u n iv e r s i t ie s ,  
however, s u b s ta n t ia l ly  exceed th e ir  d if fe re n c e s . Although u n iv e rs it ie s  
may be unable to  a t t a i n  the corporate  le v e l of e f f ic ie n c y  by em ulating 
su ccessfu l business e n te rp r is e s , u n iv e rs ity  decision-m akers and 
ad m in is tra to rs  can b e n e f it  from the study  and a p p lic a tio n  of se lec ted  
business e x p e rtis e  to  the management of academic in s t i tu t io n s .
Academic in s t i tu t io n s  have many o b je c tiv e s . These goals e x is t  
in  the minds of u n iv e rs ity  le a d e rs , fa c u lty , s tu d e n ts , governmental 
bod ies, and the general p u b lic . G enerally  speaking, however, u n iv e rs i­
t ie s  a re  p rim arily  concerned w ith in s tru c t io n , re sea rch , and pub lic  
se rv ic e .
The need fo r more e f f ic ie n t  use o f u n iv e rs ity  resources is  
apparent to  most ad m in is tra to rs  in  h igher education  today. The la rge
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ab so lu te  and Increasing  r e la t iv e  share o f a v a ila b le  resources requested 
by h igher education  sharpens com petition and focuses a t te n t io n  on the 
management o f in s t i tu t io n s  of higher lea rn in g . As in d ica ted  by the 
in c re as in g  number of u n iv e r s i t ie s  in  f in a n c ia l  d i f f ic u l ty ,  there  e x is ts  
a r e a l  need fo r new s ty le s  o f u n iv e rs ity  management.
Although th e re  i s  l i t t l e  or no t r a d i t io n  of p ro fe ss io n a l 
m anagerial techniques in  a c a d e m ic .in s titu tio n s , the planning-programming- 
budgeting-system  (PPBS) and computer sim ula tion  a re  c le a r ly  re le v an t 
to  the task s of u n iv e rs ity  decision-m akers and a d m in is tra to rs . Simu­
la t io n  was app lied  to  the so lu tio n  o f u n iv e rs ity  p o licy  dec is ions in  
th is  resea rch  study.
Sim ulation i s  the a c t of rep resen tin g  some aspec ts  of the re a l 
world by numbers or symbols which may be e a s i ly  m anipulated to  f a c i l i ­
ta te  th e i r  s tudy . A sim u la tion  is  not i t s e l f  a model bu t i t  may use 
models. S im ulation im plies the ex is ten ce  of a model which conceivably 
might be sp e c if ie d , id e n t i f ie d ,  and m anipulated.
Although there  a re  a number o f su b jec ts  w ith in  the u n iv e rs ity  
environment to  which a sim u la tion  study could be addressed , th is  
resea rch  p ro je c t was concerned p rim arily  w ith  the su b je c t o f sim ulating  
in s t ru c t io n a l  c o s ts  fo r use in  the so lu tio n  o f  u n iv e rs ity  p o licy  
d e c is io n s . The model u t i l iz e d  fo r  th is  s im ula tion  study was the Cost 
E stim ation  Model (CEM) developed by the Western I n te r s ta te  Commission 
fo r  Higher Education (WICHE).
The prim ary purpose o f CEM is  to  a s s i s t  u n iv e rs ity  d e c is io n ­
makers in  ach iev ing  a good a llo c a tio n  of reso u rces. The p o te n t ia l  uses 
of CEM include s ig n if ic a n t  c o n trib u tio n s  to  decision-m aking, p lanning, 
and p re lim in ary  budgeting. CEM makes i t s  prim ary c o n tr ib u tio n  through
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the p ro jec tio n  o f  u n iv e rs ity  in s tru c t io n  co sts  under d if f e r e n t  a l te rn -  
a t iv e s .
A model is  most u se fu l when proven v a lid , and is  considered 
v a lid  i f  the model produces r e s u l ts  th a t  approximate the r e s u l ts  th a t  
would be produced by the re a l  world system. The CEM produced v a lid  
r e s u l ts  w ith in  the se le c te d  u n iv e rs ity  environment. At The U n iv ers ity  
o f Tennessee a t  N ash v ille , the la rg e s t  variance  encountered in  model 
v a lid a tio n  was le s s  than s ix  p e rc en t. I t  was w ith in  acceptab le  v a lid a ­
t io n  co n tro l l im i ts .  I t  was considered a p p ro p ria te , th e re fo re , to 
use cost inform ation generated by CEM fo r po licy  decisions in  the 
se le c te d  u n iv e rs ity  environm ent.
The d ec is io n  process in  h igher education  c o n s is ts  of (1) f in d ­
ing occasions fo r making a d ec is io n , (2 ) find ing  p o ss ib le  courses of 
a c tio n , and (3) choosing among courses of a c tio n . Although the d ec is ion  
process is  u n iv e rsa l, th e re  may be d i f f e r e n t  p a r t ic ip a n ts  involved in  
p o licy  decisions in  d i f f e r e n t  h igher education system s. The d ec is io n  
h ie ra rch y  in  h igher education  in  Tennessee c o n s is ts  of the Tennessee 
Higher Education Commission (THEC), the  u n iv e rs ity  board of t ru s te e s ,  
and u n iv e rs ity  a d m in is tra to rs .
Although a sim ula tion  model may be used to experiment w ith 
numberous changes, the CEM was used in  th is  research  study to  a s s i s t  
decision-m akers in  h igher education to  answer only c e r ta in  kinds of 
"What I f . . . ? "  q u estio n s . This re sea rch  p ro je c t was lim ited  to  sim ula­
t io n  modeling re la te d  to  these  se lec te d  u n iv e rs ity  po licy  d ec is io n s:
1. Admissions P o licy  Change A nalysis.
What i f  The U n iv e rs ity  of Tennessee a t  N ashville  experiences 
a 20  p ercen t in crease  in  enrollm ents a t  the lower d iv is io n
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level? What will be the Impact In terms of instructional
C 0 8  t S ?
2. Curriculum Change A nalysis.
What i f  a new graduate degree program in  business i s  added 
to  the curriculum  a t  The U n iv e rs ity  o f Tennessee a t  Nash­
v i l le ?  What w i l l  be the impact in  terms o f in s tru c t io n a l  
costs?
3. O perational Param eter Change A n a ly sis ..
What i f  there  i s  a 25 percen t in crease  in  fa c u lty  teaching 
loads a t  The U n ivers ity  of Tennessee a t  N ashville?  What 
w il l  be the impact in  terms o f in s t ru c t io n a l  co sts?
Several d if f e re n t  approaches a re  considered accep tab le  fo r the 
ev a lu a tio n  of inform ation generated by computer s im u la tion  models.
This resea rch  p ro je c t used the case study approach to  eva lua te  the use 
of key v a ria b le s  sim ulated by CEM. A key v a r ia b le  i s  an item  of in fo r ­
mation of c r i t i c a l  importance in  so lv ing  a problem or making a d ec is io n . 
CEM sim ula tes sev era l key v a ria b le s  u se fu l in  making u n iv e rs ity  po licy  
dec is io n s includ ing : to ta l  co sts  by d is c ip l in e ,  degree program,
departm ent, and school; to ta l  co sts  by in s tru c t io n  le v e l;  u n it  co sts  
per c r e d i t  hour by in s tru c tio n  le v e l;  and u n it  c o s ts  per major by 
in s tru c t io n  le v e l .
The adm ission p o licy  case was viewed from the th ree  main le v e ls  
in  the u n iv e rs ity  decision  h ie ra rch y . In  th is  case , the c ru c ia l  po in t 
in  the  d ec is io n  process occurs a t  the u n iv e rs ity  ad m in is tra to rs  le v e l. 
A fte r a thorough eva lua tion  o f the key v a r ia b le s  sim ulated by CEM, i t  
was determined th a t a p o s itiv e  d ec is io n  would be made regard ing  the 
proposed increase  in  enrollm ents a t  the lower d iv is io n  le v e l .
Although the curriculum  po licy  case  was viewed from th ree  main 
le v e ls  in  the u n iv e rs ity  d ec is io n  h ie ra rch y , the prim ary ev a lu a tio n  
was made a t  the THEC le v e l. In  th is  review , p a r t ic u la r  a t te n t io n  was
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given to the cost and relevance of the proposed graduate degree program. 
The key co s t v a ria b le s  generated by CEM supported a p o s itiv e  dec is io n  
bu t a p o licy  decision  of th is  na tu re  freq u en tly  is  determined by non- 
q u a n ti ta t iv e  fa c to r s .  The re s o lu tio n  of th is  po licy  d ec is io n  may w ell 
r e s t  upon the amount of p o l i t i c a l  p ressu re  brought to bear on THEC.
The fa c u lty  teaching load p o licy  case was viewed from the th ree  
main le v e ls  in  the u n iv e rs ity  dec is io n  h ie ra rch y . In  th is  case , the  
c ru c ia l  p o in t in  the decision  process occurs a t  the u n iv e rs ity  board 
o f t ru s te e s  le v e l. Both c o s t and morale fa c to rs  were considered in  
th is  po licy  d ec is io n . Although they key co st v a ria b le s  sim ulated by 
CEM suggested the p o s s ib i l i ty  of in c reas in g  fac u lty  teaching loads , 
i t  was determined th a t  in ta g ib le  fa c to rs  were more im portant in  th is  
p o licy  d e ic is io n . T herefore, a negative decision  was suggested regard ­
ing  the proposed increase  in  fa c u lty  teaching loads a t  the lower 
d iv is io n  le v e l.
In terv iew s w ith a d m in is tra to rs  a t  the n a tio n a l, s t a te ,  and 
u n iv e rs ity  le v e l in d ica ted  th a t  inform ation  sim ulated w ith  CEM was 
u se fu l fo r decision-m aking purposes. The consensus of these lead e rs  
was th a t  such key v a ria b le s  a s s is te d  w ith  im portant po licy  d ec is io n s 
in  the realm of h igher education .
CONCLUSIONS
The o v e r-a l l  conclusion  th a t the  a p p lic a tio n  of computer simu­
la t io n  techniques to  a u n iv e rs ity  c o s t model generates inform ation 
which i s  u se fu l in  the u n iv e rs ity  d ec is io n  process is  ju s t i f i e d  in  
view of the accumulated evidence. In  s tep -b y -s tep  fash ion , th is  
evidence is  now p resen ted .
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The p r in c ip a l o b jec tiv e  o f th is  re sea rch  study was to d e te r ­
mine i f :
The a p p lic a tio n  of computer sim u la tio n  techniques to  a un i­
v e r s i ty  co st model w il l  genera te  se le c te d  c o s t inform ation which 
w il l  be u se fu l in  the u n iv e rs ity  d ec is io n  p rocess.
I t  was fu r th e r  s ta te d  in  Chapter I  th a t  th is  research  o b jec tiv e  would
be considered accomplished i f  four c r i t e r i a  were met. These c r i t e r i a
have been met by dem onstrating th a t :
1. D ecision models su b je c t to  computer sim u la tion  techniques can 
be p roperly  s tru c tu re d  to  the u n iv e rs ity  environm ent. S everal 
models have been s tru c tu re d  to  the u n iv e rs ity  environment in ­
cluding CEM.
2. Necessary model inpu ts can be derived  from data f i l e s  suppo rt­
ing c u rre n t u n iv e rs ity  accounting  system s. Data was ex trac ted
from the f i l e s  o f the accounting  system a t  The U n iv e rs ity  of 
Tennessee a t  N ashville  to sim ula te  CEM.
3. Computer sim ulation  of a u n iv e rs ity  c o s t model can a cc u ra te ly
p ro je c t fu tu re  c o s ts .  CEM p ro jec ted  co sts  fo r  The U n ivers ity
o f Tennessee a t  N ashv ille  w ith in  6 p ercen t of a c tu a l costs 
based upon a p o s te r io r i  v a lid a t io n  procedures.
4 . Model sim ulation  provides sim ulated  c o s ts  which d ec is io n ­
makers a s s e r t  a re  u se fu l in  the. n iv e r s i ty  d ec is io n  p rocess . 
Leaders in  h igher education  a t  n a tio n a l ,  s t a te ,  and u n iv e rs ity  
le v e ls  a sse rted  the decision-m aking value of key c o s t v a r ia b le s  
sim ulated w ith CEM.
The o b jec tiv es o f th is  re sea rch  study have been accom plished. 
Although i t  has been demonstrated th a t  CEM generates inform ation u se fu l 
in  the u n iv e rs ity  d ec is io n  p ro cess , th is  resea rch  p ro je c t does not 
preclude the need fo r a d d itio n a l re sea rch  in  sim ula tion  modeling in  the 
u n iv e rs ity  environment. In  f a c t ,  th is  re sea rch  study is  ju s t  one s tep  
toward determ ining the b e s t uses o f sim u la tion  modeling in  u n iv e rs ity  
management.
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EXTENSIONS
Although th is  resea rch  p ro jec t has dem onstrated th a t  informa­
tio n  generated by s im u la tion  modeling i s  u se fu l in  the u n iv e rs ity  
d ec is io n  p rocess , i t  is  y e t to  be revealed  how sim u la tion  f i t s  in to  the 
o v e ra ll  u n iv e rs ity  management inform ation system. In  a d d itio n , there  
a re  l im ita tio n s  of the CEM which s t i l l  need to  be d e lin e a te d . Exten­
sions to  th is  research  study based upon these fa c to rs  a re  now con­
s id e red .
Guidelines for a_ University Management Information Systern
The range of p o ss ib le  u n iv e rs ity  management in form ation  systems 
(MIS) is  a broad spectrum extending from a one-man o p era tio n  supported 
by a sharp p en c il and a p iece  of sc ra tch  paper to  a m u lti-m illio n  d o lla r  
o p e ra tio n  s ta f fe d  by management and inform ation s p e c ia l i s t s  and 
supported by the l a t e s t  computer hardware programmed to  sim ulate  u n i­
v e r s i ty  opera tions and drawing on a w ell-designed  in te g ra te d  data base.*- 
However, reg a rd less  o f the so p h is tic a tio n  o f the MIS i t  i s  p o ss ib le  to 
schem atica lly  rep re sen t i t  as shown by the drawing in  F igure X II. The
fiv e  subsystems i l lu s t r a te d  provide fu n c tio n a l g u id e lin es  fo r  the
2design  of a u n iv e rs ity  MIS.
A thorough d iscu ssio n  of data  base and management in form ation  
systems may be found in  Robert V. Head, M anager's Guide to  Management 
Inform ation Systems. (Englewood C l i f f s ,  New Je rse y : P re n tic e -H a ll,
I n c . ,  1972).
2
This d iscu ssio n  o f MIS sybsysterns i s  based on Bernard S. Sheehan, 
" In teg ra te d  U n iv ers ity  Management Inform ation Systems" (A paper read a t  
the  Tenth Annual Forum of the A ssociation  fo r  I n s t i tu t io n a l  Research,
New O rleans, L ouisiana, May, 1970).
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FIGURE XII
A MANAGEMENT INFORMATION SYSTEM IN 
THE UNIVERSITY ENVIRONMENT
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In p u t. Inpu ts to the Input subsystem Include those fo r tra n s ­
m it ta l  to  the  data  base or to  the sim ulator and normal in q u ir ie s .  This 
subsystem can include people, manual and automated systems and proce­
du res , computer te rm in a ls , te lephones, and o ther communications system s. 
The input subsystem is  one of the major in te rfa c e s  of the MIS w ith the 
u n iv e rs ity  and the focus o f  many of the d i f f i c u l t i e s  h indering  implemen­
ta t io n .  Because of the n a tu re  of the u n iv e rs ity  management p ro cess , the 
design  of th is  subsystem is  c r i t i c a l  to  su ccessfu l im plem entation. 
Implementation d i f f i c u l t i e s  a re  mainly people problems and th e ir  im­
portance may have been overlooked by systems a n a ly s ts  a t t r a c te d  by 
the in te re s t in g  tech n ica l a spec ts  of the o ther subsystem s.
The function  of in p u ttin g  to  the data  base includes data element 
d e f in tio n , coding, and m aintenance. The fu n c tio n  of in p u ttin g  to  the 
sim ula to r includes normal maintenance o r updating of the sim ula tion  
model as w e ll as changes in  sim ulator param eters fo r co n sid e ra tio n  of 
p lanning a l te rn a t iv e s  or answers to  "What I f . . . ? "  questions includ ing  
those involv ing  o rg an iza tio n a l m o d ifica tio n s .
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Data Base. Id e a lly , the inform ation f i le d  in  the data base sub­
system o f the MIS i s  th a t requ ired  to  support the  various management 
functions a t  a l l  le v e ls  in  the u n iv e rs ity . For the purposes of the 
conceptual model in  Figure XII the inform ation i s  thought of as the 
ap p ro p ria te  values o f the basic  v a ria b le s  which can be used to  describe  
the s ta te  o f the system. The values o f any param eters derivab le  from 
these  basic  v a ria b le s  a re  considered to be c a lc u la te d  as requ ired  by 
the in te ra c t io n  of the  sim ula to r w ith the b asic  d a ta . Thus, i n s t i t u ­
t io n a l  c h a r a c te r is t ic s  includ ing  procedures and p o lic ie s  a re  p a rt of 
the s im u la to r. For example, s tu d en t en ro llm en t, u n iv e rs ity  tim etab le , 
and space inven tory  would be s to red  in  the data  base while weekly studen t 
hours o r classroom  u t i l i z a t i o n  would be derived  by the sim ula to r. 
H is to r ic a l  da ta  of a l l  types includ ing  th a t req u ired  fo r re tro sp e c tiv e  
sim ula tions would be f i le d  in  the da ta  base.
P ra c t ic a l  MIS design a t  any p a r t ic u la r  in s t i tu t io n  need not 
fo llow  th is  p a tte rn . P resen t experience has shown th a t i t  is  not pos­
s ib le  to  p re d ic t the in form ation  which w il l  be requested  from the MIS 
and th a t  data base s tru c tu re  should be as f le x ib le  as p o ss ib le  to  
accomodate unforeseen demands. In  f a c t  some inform ation  i s  d i f f i c u l t  
to  mechanize because of i t s  n a tu re , environm ental f a c to r s ,  u se r 's  
personal p re fe ren ce , c o s t, p rivacy , and s e c u r i ty . In  p ra c t ic a l  s i tu a ­
t io n s , one must a lso  consider such th ings as the a v a ila b le  computer 
hardware, mode o f system o p era tio n , c o s t, and the  natu re  o f system 
support.
The model da ta  base is  to ta l ly  in te g ra te d  w ith  each d isc re te  
da ta  element having a unique d e f in i t io n  and code. The follow ing is  a 
re p re se n ta tiv e  l i s t  of c a teg o rie s  o f these data  elem ents:
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1. Student Inform ation.
2. Faculty  Inform ation.
3. Support S ta ff  In form ation .
4 . Academic Program In fo rm ation .
5. F a c i l i t i e s  Inform ation .
6 . F inanc ia l In form ation .
7. Academic Support Serv ices In fo rm ation .
8 . Environmental Support Serv ices Inform ation .
9* Other Inform ation.
The s e t  of c a teg o ries  chosen has no sp e c ia l th e o re tic a l  o r p ra c t ic a l  
m erit except th a t they can be a sso c ia ted  w ith opera ting  departments 
which are u su a lly  o rg a n iz a tio n a lly  r e la te d .  Of course , data  elements 
can be coded to  perm it o th e r a sso c ia tio n s  as re q u ire d .
S im ulator. The sim u la to r re p re se n ts  the data m anipulation func­
t io n  necessary fo r  the c a lc u la tio n  of the values o f the non-basic 
param eters or the p ro jec ted  values of those elements and the basic  
elem ents under some assumed change in  the u n iv e rs ity . I t  has two im­
p o rta n t in p u ts . The inpu t from the inpu t subsystem s e ts  the sim u la to r; 
th a t  i s ,  i t  in troduces the assum ptions under which the requ ired  ca lcu ­
la t io n s  w il l  be made. The inpu t from the d a ta  base supp lies the values 
o f the  basic  data elem ents. The ou tpu t to the data base is  h i s to r ic a l  
inform ation or new values o f basic  data elements fo r  r e t r i e v a l ,  form at­
in g , and o u tp u ttin g . The ou tpu t to  the r e t r i e v a l  and form ating 
subsystem includes the values o f the c a lc u la te d  param eters, the system 
param eters assumed fo r the run , and in s tru c tio n s  to  the  r e t r i e v a l / -  
form ating subsystem. For conceptual purposes, the sim ulator can assume 
any degree o f complexity or so p h is t ic a tio n .
Several u n iv e rs ity  sim u la tion  models have been developed over 
the p a s t few y ea rs . The CEM developed by WICHE i s  one example o f a 
sim u la tion  model designed fo r  the u n iv e rs ity  environm ent. Although 
they hold s ig n if ic a n t  prom ise, no g lo b a l s im u la tion  models have been
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used in  u n iv e r s i t ie s  except experim en ta lly . T heir development, how­
ever, has s tim u la ted  w ell d irec te d  research  in  the a rea  of management 
o f h igher education  which i s  in c reas in g  our understanding of the 
u n iv e rs ity  management p rocess.
R e trieva l/F o rm ating . This subsystem serves the dual purposes 
o f re tr ie v in g  data  elements from both the data base and sim ula to r sub­
system s, then , form ating the data  elem ents in to  a  s u i ta b le  re p o r t  fo r 
transm ission  to  the  output subsystem. Normally the design  of the 
re tr ie v a l/fo rm a tin g  subsystem w il l  depend upon the design o f the o ther 
subsystems to  ensure an in te g ra te d  system .
Various types of genera lized  softw are packages a re  a v a ila b le  
which w ill  perform a r e t r ie v a l  and form ating function  from any d e fin ­
ab le  data  b ase . Some of these packages have the  c a p a b il i ty  o f manipu­
la t in g  .data bases as w ell as re tr ie v in g  and form ating . I t  i s  thus 
p o ss ib le  to th in k  of a u n iv e rs ity  MIS as c o n s is tin g  of the  data  bases 
norm ally a v a ila b le  in  the u n iv e rs ity  p lus a f i l e  management system 
package. The r e s u l ta n t  data management system f i t s  in to  the con tex t 
o f the model o f F igure XII and may rep re se n t fo r  some in s t i tu t io n s  a 
p r a c t ic a l  f i r s t  s te p  in  the development o f a u n iv e rs ity  MIS. Such a 
f i r s t  s tep  has the  d i s t in c t  advantage of producing tan g ib le  r e s u l ts  
qu ick ly  which might be an im portant fa c to r  in  convincing the u n iv e rs ity  
th a t  funds should be a llo c a te d  fo r  fu r th e r  development o f a u n iv e rs ity  
MIS.
Output. The output from the re tr ie v a l/fo rm a tin g  fu n c tio n  is  
tran sm itted  to  the o ther u n iv e rs ity  systems by the ou tpu t subsystem. 
T echn ically , th is  subsystem is  le s s  in te r e s t in g  than the  inpu t sub­
system since  m echanically  i t  c o n s is ts  o f a computer te rm in a l, a
telephone, the campus m ail, a person to  person conversa tion , or some 
combination of these  media. However, toge ther w ith the input subsystem, 
the output subsystem forms the in te r fa c e  of the MIS w ith the  u n iv e rs ity , 
and both a re  c r i t i c a l  fa c to rs  in  im plem entation problem s. People w il l  
only use the system i f  they have f a i th  in  i t .  Thus the subsystems w ith 
which the u se r in te r a c ts  must be designed to  give him maximum confidence 
in  the to ta l  system. Most academic ad m in is tra to rs  and o th e r  u sers are  
not systems a n a ly s ts  and do no t speak the "language.” The output sub­
system must th e re fo re  be a t r a n s la to r  which gives the u se r the answer 
to  h is  question  p re c ise ly  as he wants i t .  U n til the system is  fu l ly  
implemented and re g u la r ly  used by a l l  le v e ls  of management in  the normal 
execution of th e i r  d u tie s , the output subsystem must be a salesman fo r  
the e n t i r e  u n iv e rs ity  MIS.
L im ita tions of the Cost E stim ation  Model
Sim ulation is  the  ev a lu a tio n  of the  impact of one element on 
another under predeterm ined or c o n tro lle d  co n d itio n s. In  o rder to  be 
most e f fe c tiv e  as a p a r t  o f a u n iv e rs ity  MIS, the s im ula tion  subsystem 
must s a t i s f y  these b asic  requirem ents:
1. I t  should provide immediate response to  an ex tensive  number 
of "What I f . . . ? "  in q u ir ie s .
2. I t  should provide the kind of inform ation requ ired  by management 
in  the d ec is io n  p ro cess .
3. I t  should provide se le c tiv e  inform ation re tr ie v a l/fo rm a tin g  
through a v isu a l in p u t/o u tp u t dev ice.
Although the CEM s a t i s f i e s  some o f the b a sic  requirem ents o f an 
e ffe c tiv e  sim u la tion  subsystem, i t  does no t s a t is f y  a l l  requ irem ents.
CEM does have the  c a p a b il i ty  to  respond to  an extensive number o f "What 
I f . . . ? "  in q u ir ie s .  A dd itional resea rch  e f fo r ts  w il l  be necessary ,
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however, to  c rea te  a u n iv e rs ity  sim ula tion  model capable of s a tis fy in g
o th er requirem ents underlying the e ffe c tiv e  use of sim ulation  modeling
in  u n iv e rs ity  management.
Information Required by Management. Since this research project
began, there  have been some improvements made in  u n iv e rs ity  sim ulation  
3
models. WICHE has been the source of many of these improvements.
Using CEM as the base model, WICHE has taken an evo lu tionary  approach 
in  the development of more so p h is tic a te d  sim ulation  models. These 
e f fo r ts  have re su lte d  in  the development of the  Resource Requirements 
P re d ic tio n  Model (RRPM) 1 .6 .^  Although RRPM-1.6 i s  an improvement over 
CEM and e a r l ie r  v e rs ions of RRPM, i t  does not model the behavior of some 
educational co sts  in  a r e a l i s t i c  manner.
I t  would be in ap p ro p ria te  to  rep ea t the d e ta ile d  d iscussion  of 
costs found in  Chapter I I ,  bu t i t  i s  necessary  to  consider c e r ta in  
aspec ts of u n iv e rs ity  co st behavior re la te d  to  the development of 
improved sim ulation  models. Although educational costs d i f f e r  in  many 
respects,-*  the behavior of co sts  i s  s t r ik in g ly  s im ila r  in  v i r tu a l ly  a l l  
educational system s. A b e t te r  knowledge of co st behavior by model
3
Leo L. K ornfeld, Robert G. F a r r is ,  and David N. Olson, "Simula­
tio n  Models: Juggling the 'What I f s 1,'! College and U n iversity  B usiness.
L I I I  (November, 1972), pp. 31-39.
^David G. C lark , Robert A. H uff, Michael J .  H aight, and W illiam J .
C o lla rd , In tro d u c tio n  to  the Resource Requirements P red ic tio n  Model 1 .6  
(Boulder, Colorado: Western I n te r s ta te  Commission fo r  Higher Education, 
August, 1972).
-*The Carnegie Commission on Higher Education, The More E ffe c tiv e  
Use of Resources: An Im perative fo r  Higher Education (New York: McGraw-
H ill  Book Company, 1972), pp. 33-47.
^ P h ill ip  H. Coombs and Jacques H allak , Managing Educational Costs 
(New York: Oxford U n iv e rs ity  P re ss , 1972), p . 109.
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b u ild e rs , th e re fo re , should r e s u l t  in  models capable of sim ula ting  more 
r e a l i s t i c  cost inform ation.
In  economic theory , c a p i ta l  co sts  a re  ’’fixed  c o s ts"  and re c u r­
re n t co sts  are  "v ariab le  c o s ts"  because, in  p r in c ip le , c a p i ta l  co sts  do 
not f lu c tu a te  w ith volume whereas re c u rre n t co sts  do. Our concern i s  
w ith rec u rren t costs in  sim u la tion  modeling. R ecurrent co sts  apply to  
human se rv ices and physica l supp lies th a t a re  consumed in  the  educational 
process w ith in  a sin g le  budget year. Although some of these co sts  may 
vary  w ith se lec ted  measures of ou tpu t, a l l  re c u rre n t co sts  do not change 
in  a l in e a r  fash ion . The models p re sen tly  a v a ila b le  do not have the 
c a p a b ili ty  of sim ulating  n o n -lin e a r  co st in form ation . A model capable 
of sim ulating  both "v a riab le  c o s ts"  and "sem i-variab le  c o s ts"  is  needed 
to  provide the inform ation req u ired  by management in  the u n iv e rs ity  
d ec is ion  p rocess. On-going research  e f f o r ts  w il l  be requ ired  to  develop 
a model capable of sim ula ting  n o n -lin ea r cost in form ation  in  the  u n iver­
s i t y  environment.
Inform ation A vailable  to  Management. The value of inform ation 
produced by using a sim u la tion  model, r e la t iv e  to  the co s t and e f f o r t  
requ ired  to  process the model, needs improvement. Several fa c to rs  to  
be considered include: the inpu t p rep a ra tio n s are  burdensom and com­
p lex ; computer requirem ents a re  la rg e  in  terms of both processing  time 
and sto rage  cap ac ity ; the se q u en tia l mode of the sim u la tion  p ro h ib its  
in v e s tig a tin g  many a l te rn a t iv e s ;  and the output re p o rts  are  inadequate 
in  e i th e r  con ten t, p re se n ta tio n , or overwhelming volume. On-going 
research  e f fo r ts  w il l  be necessary  to  develop a model capable of p rov id­
ing appropria te  man/machine in te ra c t io n  in  the u n iv e rs ity  d ec is io n  
p rocess.
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THE FUTURE FOR SIMULATION
Even the achievement o£ these basic  requirem ents, however, w ill  
not reso lv e  a l l  the d e f ic ie n c ie s  in  p resen t sim ulation  models. A con­
cep tual d i f f ic u l ty  which i s  in c o n s is te n t w ith sound planning is  incorpo­
ra ted  in  p resen t sim ula tion  models. A decision-m aker should have the 
c a p a b il i ty  of in v e s tig a tin g  the resource im p lica tions of output 
a l te r n a t iv e s ,  but in s tead  finds i t  necessary  to  base h is  experim ents on 
input m o d ifica tio n s . The development of such a model would be d i f f i c u l t  
i f  not im possib le, to  achieve u t i l i z in g  the t r a d i t io n a l  c o s t sim u la tion  
approach. Even as th is  resea rch  study i s  ending, however, o ther r e ­
search ers  a re  ju s t  beginning to  explore the d i f f i c u l t  ta sk  of measuring 
the output of h igher education .^  These research  e f fo r ts  may provide the 
foundation  fo r o u tp u t-o rien ted  sim u la tion  models.
I t  has o ften  been sa id  th a t  " I t  is  d i f f i c u l t  to  make p re d ic tio n s  
e sp e c ia lly  about the fu tu re ."  Although some u n iv e r s i t ie s  may no t s u r ­
v ive  the c u rre n t depression  in  h igher education , i t  i s  p red ic ted  th a t  
those u n iv e r s i t ie s  which develop a comprehensive MIS w il l  have the 
re le v an t decision-m aking inform ation  necessary  to  surmount the p resen t 
f in a n c ia l  c r i s i s .  As a subsystem of the u n iv e rs ity  MIS, i t  i s  fu r th e r  
p red ic ted  th a t  sim ula tion  w il l  p lay  an im portant ro le  in  genera ting  
the tim ely  inform ation requ ired  to  allow  management in  the u n iv e rs ity  
environment to  b e t te r  perform th e i r  decision-m aking fu n c tio n s .
^In terv iew  w ith Dr. Robert A. H uff, D irec to r of T rain ing , Western 
I n te r s ta te  Commission fo r  Higher E ducation, Boulder, Colorado, October 
2, 1972.
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WCEM 16 C O S T  E S T I M A T I O N  M O D E L  PACE 3
NASHVILLE EXECUTIVE MANAGEMENT REPORT DATE 0 9 /1 5 /7 2
UNIVERSITY OF TENNESSEE
REGULAR INSTRUCTION•SCHOOL OF BUSINESS
1969 1970 1971
TYPE OF COST FTE COSTS FTE COSTS FTE COSTS
DEANS
FTE STAFF
ACADEMIC DEANS 
DEANS SUPPORT STAFF
1 .0 0
1 .0 0
1 .0 0
1 .0 0
1 .0 0
1 .0 0
COSTS
DEANS COSTS s 2 4 ,0 0 0 S 2 6 ,0 0 0 S 2 9 ,5 5 0
ACULTY/SUPPORT 
FTE STAFF
DEPARTMENT CHAIRMAN 
TEACHING FACULTY 
SUPPORT STAFF
1 .5 0  
9 .7 5
1 .5 0
1 .5 0  
9 .7 5
1 .5 0
1 .5 0
1 0 .8 7
1 .8 2
COSTS
ACADEMIC SALARIES 
SUPPORT STAFF WAGES 
SUPPLIES AND EXPENSES 
EQUIPMENT 
OTHER EXPENSES
1 3 0 ,0 0 0
6 ,0 0 0
7 ,3 0 0
1 ,1 0 0
1 3 2 ,0 0 0
6 ,3 0 0
7 ,7 0 0
1 ,2 0 0
1 7 6 ,3 7 7
9 ,8 8 7
8 ,7 4 0
1 ,3 3 2
TOTAL FTE/COSTS -  DEPTS 1 2 .7 5 1 4 4 ,4 0 0 1 2 .7 5 1 4 7 ,2 0 0 1 4 .1 9 1 9 6 ,3 3 6
TOTAL SCHOOL/COLLEGE COST 1 4 .7 5 1 6 8 ,4 0 0 1 4 .7 5 1 7 3 ,2 0 0 1 6 .1 9 2 2 5 ,8 8 6
TOTALS FOR REGULAR INSTR 6 8 .5 0 9 9 6 ,7 0 0 7 4 .6 0 1 ,1 0 7 ,6 0 0 8 7 .7 2 1 ,2 8 3 ,7 5 7
WCEH15 C O S T  E S T I M A T I O N  M O D E L  PAGE 9
NASHVILLE DEPARTMENT REPORT DATE 1 0 /2 7 /7 2
UNIVERSITY OF TENNESSEE
DEPARTMENT -  REGULAR INSTRUCTIONACCOUNTING
1 -  STAFF INFORMATION
1971
NAME OF STAFF FTE
FACULTY 
ADMINISTRATOR
DEPARTMENT CHAIRMAN .5 0
TEACHING FACULTY 
PROFESSORS
ASSOCIATE PROFESSORS .7 7
ASSISTANT PROFESSORS 1 .0 2
INSTRUCTORS 2 .0 5
TEACHING ASSISTANTS 
OTHER FACULTY
TOTAL FACULTY 4 .3 4
STAFF
SUPPORT STAFF .5 2
2 -  COST INFORMATION
1971
TYPE OF COSTS COSTS
COSTS
ACADEMIC SALARIES J  3 3 .0 7 1
SUPPORT STAFF WAGES 2 ,7 7 5
SUPPLIES AND EXPENSES 874
EQUIPMENT 486
OTHER EXPENSES
TOTAL DEPARTMENT COSTS S 3 7 ,2 0 6
HCEN16
NASHVILLE
C O S T  E S T I M A T I O N  M O D E L
EXECUTIVE MANAGEMENT REPORT
UNIVERSITY OF TENNESSEE
PAGE 3
DATE i n / 2 7 / 7 2
♦SCHOOL OF BUSINESS - -  REGULAR INSTRUCTION
1971
TYPE OF COST FTE COSTS
DEANS
FTE STAFF
ACADEMIC DEANS 
DEANS SUPPORT STAFF
1 .0 0
1 .0 0
COSTS
DEANS COSTS S 2 9 ,5 5 0
FACULTY/SUPPORT 
FTE STAFF
DEPARTMENT CHAIRMAN 
TEACHING FACULTY 
SUPPORT STAFF
1 .5 0
1 0 .8 7
1 .8 2
COSTS
ACADEMIC SALARIES 
SUPPORT STAFF WAGES 
SUPPLIES AND EXPENSES 
EQUIPMENT 
OTHER EXPENSES
1 7 6 ,3 7 7
9 ,8 8 7
8 ,7 4 0
1 ,3 3 2
TOTAL FTE/COSTS -  DEPTS 1 4 .1 9 1 9 6 ,3 3 6
TOTAL SCHOOL/COLLEGE COST 1 6 .1 9 2 2 5 ,8 8 6
TOTALS FOR REGULAR INSTR 8 7 .7 2 1 ,2 8 3 ,7 5 7
»-*ON
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MCEN13
NASHVILLE
C O S T  E S T I M A T I O N  M O O E L
DISCIPLINE REPORT
UNIVERSITY OF TENNESSEE
PAGE 3*
DATE 11/27/72
ACCOUNTING DISCIPLINE -  REGULAR INSTRUCTION
1 -  SECTION INFORMATION
SECTION TYPE/INSTRUCTION LEVEL
LECTURE
LOWER DIVISION  
UPPER QIVISION  
GRADUATE
DISCUSSION
LOWER DIVISION 
UPPER DIVISION  
GRADUATE
LAB
LOWER C IV IS 1ON 
UPPER DIVISION  
GRADUATE
TOTALS AND AVERAGES
2 -  TEACHING FACULTY INFORMATION
FACULTY RANK/FACULTY LEVEL
NUMBER OF FACULTY (FTE) 
CHAIRMAN 
PROFESSORS
ASSOCIATE PROFESSORS 
ASSISTANT p r o f e s s u r s  
INSTRUCTORS 
TEACHING ASSISTANTS 
OTHFR FACULTY
TOTAL FACULTY
AVERAGE WFCH (LOAD I 
LOWER CIV IS ION 
U Pocc O IV IS lf’N 
GRADUATE
CASE 01 CASE 0 2 CASE 03 CASE 0 4 CASE 05
NO AVG RM NO AVG RM NO AVG RM NO AVG PM NO AVG RM
SECT SIZE HRS SECT SIZE HRS SECT SIZE HRS SECT SIZE HRS SECT SIZE HRS
8 .1 3 33 2 4 .3 9 .6 6 3 3 2 8 .9 8 . 1 3 3 3 2 4 .3 8 .1 3 33 2 4 .3 9 .6 6 3 3 2 8 .9
1 1 .0 7 19 3 3 .2 1 1 .0 7 19 3 3 .2 1 1 .1 6 1 9 3 3 .4 1 1 .0 7 19 3 3 .2 1 1 .0 7 19 3 3 .2
2 .0 3 2 9 6 . 0 2 .0 3 29 6 ." 3 .0 4 2? 9 .1 2 .0 3 29 6 . 0 2 .  03 2 9 6 . 0
2 1 * 2 3  2 5  6 3 * 6  2 2 * 7 6  2 5  6 8 * 2  2 2 * 3 3  2 5  6 6 * 9  2 1 * 2 3  2 5  6 3 * 6  2 2 * 7 6 2 5  6 8 * 2
CASE 01  
NO
. 5 0
2 .7 1
2 .7 7
5 .9 8
l? .* nU.oo
CASE 0 2  
NO
.5 0
2 .9 5
2.91
6 .3 6
1 2 .0 0  
1 2 .0 0  
9 . O''
CAS? 0 3  
NO
.5*
7 .0 6
2 .7 0
12. 0* 
1 2 . 0 0  
9 # on
CASE 0 4  
NO
.5 0
2 .4 6
2 .6 1
5 .5 7
1 5 .0 0
1 2 .0 0  
c .n o
CASE 05  
NO
• 50  
2 .6 5  
2 .7 3
5 .8 8
I 5 .n o  
1 2 .0 0  
9 . 00
AVERAGE FACULTY LJAD 1 1 .6 2 1 1 .6 5 1 1 .4 8 1 2 .5 6 1 2 .6 9
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•  ACCOUNTING DISCIPLINE -  REGULAR INSTRUCTION *
3  -  ANNUAL CREOIT HOUR INFORMATION
TYPE HOURS/INSTRUCTION LEVEL
CASE 01  
HOURS
CREOIT HOURS
LOWER DIVISION  
UPPER DIVISION  
GRADUATE
SOS
631
17 6
WSCH
LOWER OIV1SION 
UPPER DIVISION  
GRADUATE
805
6 3 1
17 6
6  -  COST INFORMATION
CASE 01  
COSTS
TYPE COSTS
DEPARTMENT CHAIRMAN 
ACACEMtC CEANS 
OTHER ACADEMIC ADMIN 
TEACHING FACULTY SALARIES 
SUPPORT STAFF WAGES 
SUPPLIES AND EXPENSES 
EQUIPMENT 
OTHER EXPENSES
TOTAL DISCIPLINE COSTS
TOTAL COST BY INSTR LEVEL 
LOWER DIVISION  
UPPER 0 1 VISION 
GRACUATE
7 ,5 0 0
7 ,8 0 0
3 ,0 0 0
6 0 ,5 8 1
6 ,8 7 6
*12
6 7 0
8 5 ,3 6 1
3 2 ,5 5 1
3 6 ,9 6 6
1 2 ,8 2 3
CASE 02  
HOURS
9 5 6
6 3 1
176
9 5 6
631
17 6
CASE 0 2  
COSTS
7 ,5 0 0  
7 ,8 0 0  
3 ,0 0 0  
6 5 ,1 8 0  
5 ,1 8 8  
9 6 6  
68 1
9 0 ,3 1 6
3 8 ,1 9 6
3 6 ,6 2 6
1 2 ,6 9 1
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CASE 03  
K3UPS
805
6 3 6
2 6 6
8 0 5
6 3 6
2 6 6
CASE 03  
COSTS
7 ,  SCO 
7 ,9 0 0  
3 ,0 0 0  
6 5 ,8 7 2  
5 ,1 7 ?  
9 6 9  
6 6 0
9 0 ,9 7 3
3 2 ,1 6 9  
3 6 , 7 5 9  
1 9 ,0 6 6
CASE 06 
HOURS
805
631
176
805
631
176
CASE 06  
COSTS
S 7 ,5 0 0  
7 ,8 0 *  
3 ,0 0 0  
5 5 ,6 8 6  
6 ,5 6 5  
898  
658
8 0 ,0 8 9
2 6 ,6 6 6
3 7 ,6 5 3  
% 1 2 ,9 9 0
CASE 05
HOURS
956
631
176
9 5 6
631
1 7 6
CASE 05  
COSTS
% 7 ,5 0 0  
7 ,8 0 0  
3 ,0 0 0  
5 9 ,3 6 5  
6 ,7 9 6  
9 6 7  
6 6 7
8 6 ,0 7 5
3 1 ,0 6 0  
3 7 ,1 6 7  
% 1 2 ,8 6 7
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•  ACCOUNTING DISCIPLINE -  REGULAR INSTRUCTION
5  -  ANNUAL UNIT COST INFORMATION 
COST TYPE/INSTRUCTION LEVEL
CASE 01 
COSTS
CASE 02  
COSTS
CASE 03  
COSTS
CASE 0 4  
COSTS
CASE OS 
COSTS
DIRECT UNIT COSTS 
PER CREDIT HOUR
LOWER DIVISION  
UPPER DIVISION  
GRADUATE
PER WSCH
LOWER DIVISION  
UPPER DIVISION  
GRACUATE
4 0 .4 3
5 6 .5 8
7 2 .6 9
4 0 .4 3
5 6 .5 8
7 2 .6 9
3 9 .9 3
5 7 .7 3
7 1 .9 5
3 9 .9 3
5 7 .7 3
7 1 .9 5
3 9 .9 5
5 7 .7 6
7 1 .9 8
3 9 .9 5
5 7 .7 6
7 1 .9 8
3 2 .8 4
5 9 .6 7  
7 3 .6 5
3 2 .6 4
5 9 .6 7
7 3 .6 5
3 2 * 4 7
5 8 .6 7
7 2 .9 4
3 2 .4 7
5 8 .6 7
7 2 .9 4
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NUMBER OF FTE MAJORS
STUDENT-LEVEL
FTE
LOWER DIVISION  
UPPER DIVISION  
GRADUATE
CASE 01  
FTE MAJORS
3 4 6
197
5 4
CASE 02  
FTE MAJORS
6 1 5
197
54
CASE 03  
FTE MAJORS
3 4 6
197
91
CASE 0 4  
FTE “ AJORS
3 4 6
197
5 4
CASE 05  
FTE MAJORS
4 1 5
1 97
54
TOTAL FTE
2  -  CONTRIBUTIONS OF DISCIPLINES  
TO BUSINESS MAJORS
597
CASE 01
DISCIPLINE/INSTRUCTION LEVEL
HISTORY
LOWER DIVISION  
z  UPPER DIVISION
GRADUATE
ENGLISH
LOWER DIVISION  
UPPER DIVISION  
GRAQUATE
MATHEMATICS
LOWER DIVISION  
UPPER OIVISION  
GRADUATE
BIOLOGY
LOWER DIVISION  
UPPER DIVISION  
GRACUATE
BOTANY
LOWER DIVISION  
UPPER DIVISION  
GRACUATE
ZOOLOGY
LOWER DIVISION  
UPPER DIVISION  
GRACUATE
CREDIT
HOURS
51S
9 6
5
5 1 9
1 97
16
7 3 1
109
2 9 6
34
19
66
59
5
666
CASE 02
COSTS
2 4 * 3 1 4
6* 8 8 1
7 4 9
2 4 * 1 4 5  
13 *808  
2 * 3 4 5
4 4 * 9 9 7
9* 6 8 9
2 5 * 2 6 0
3 ,9 3 4
3* 0 6 2
9* 4 4 5
8* 6 5 6
1* 9 7 5
CREDIT
HOURS
6 2 2
98
5
6 2 2
197
16
8 69
1 09
351
41
19
102
59
5
6 2 4
CASE 03
COSTS
2 8 * 7 2 2
6 * 7 8 7
740
2 8 * 5 7 3
1 3*643
2 * 3 2 0
5 2 ,0 1 9
9 * 4 5 6
2 8 * 9 4 6
4 * 6 3 7
3* 0 1 2
10 * 7 2 5
6 ,5 1 4
1 .8 4 9
CREDIT
H O U R S
5 1 9
9 88
5 1 9
1 97
24
7 3 1
1 1 4
2 9 6
34
19
98
59
8
5 9 7
CASE 0 4
COSTS
2 3 * 6 5 3
6 ,7 1 8
1*063
2 3 * 5 6 8
1 3 * 5 2 2
3 * 3 4 6
4 4 * 7 6 6
10 * 1 4 0
2 5 * 2 8 0
3 * 7 5 9
2 ,9 3 4
9 * 1 4 6
6* 3 9 8
2 * 6 5 8
CR ED IT
H O U R S
5 1 9
98
5
5 1 9
1 97
16
73 1
1 09
296
34
19
88
59
5
666
CASE 05
COSTS
1 9 * 8 1 4
6 * 9 9 2
7 5 9
1 9 * 6 3 4
14 * 0 0 5
2 ,3 7 4
3 7 ,3 3 5
10 * * 4 5
2 1 ,5 3 9
3* 2 2 1
3* 1 3 1
7 * 7 4 2
8 * 8 5 7
1*912
CREDIT
HOURS COSTS
62 2  S 2 3 * 4 3 3  
9 8  6 * 9 0 4
5 751
622
t 9 7
16
8 6 9
10 9
351
41
19
102
59
5
2 3 * 2 6 0
1 3 * 8 5 3
2 * 3 5 1
4 3 * 1 5 4
9 * 7 8 2
2 4 ,5 0 9
3 * 8 0 5
3 * 0 8 4
8 * 8 0 4
8* 7 2 3
1* 8 8 7
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B U S I N E S S  O E G R E E  P R O G R A M  -  R E G U L A R  I N S T R U C T I O N
C H E M I S T R Y
L O W E R  O I V I S I O N  7 4  8 * 0 1 0  8 0  8 , 6 0 1  7 4
U P P E R  0 1 V I S I O N
G R A C U A T E
P H Y S I C S
L O W E R  O I V I S I O N  1 9  2 * 4 5 8  1 9  2 * 4 2 0  1 9
U P P E R  O I V I S I O N
G R A D U A T E
S E C O N D A R Y  E D U C A T I O N
L O W E R  D I V I S I O N  5 1 9  2 7 * 0 0 9  6 2 2  3 2 * 1 6 7  5 1 9
U P P E R  O I V I S I O N  2 9 5  2 1 * 6 4 6  2 9 5  2 1 * 5 0 7  2 9 5
G R A D U A T E  6 4  7 , 9 0 7  6 4  7 , 9 6 0  9 7
P H Y S I C A L  E D U C A T I O N
L 3 W E P  O I V I S I O N  5 1 9  3 2 , 6 3 3  6 2 2  3 8 , 1 2 9  5 1 9
U P P E R  D I V I S I O N  3 9  5 * 0 9 7  3 9  4 , 9 6 9  3 9
G R A C U A T E
A C C O U N T I N G
L O W E R  O I V I S I O N  7 6 6  3 0 , 9 6 7  o i l  3 6 , 3 9 2  7 6 6
U P P E R  O I V I S I O N  5 8 2  3 4 , 1 0 1  5 8 2  3 3 * 6 0 3  5 8 7
G R A C U A T E  1 4 5  1 0 , 5 9 8  1 4 5  1 0 * 4 8 9  2 1 8
E C O N O M I C S
L O W E R  O I V I S I O N  7 3 1  3 7 , 7 4 8  8 6 9  4 4 * 1 6 8  7 3 1
U P P E R  0 1 V I S I G N  7 8 4  6 2 , 2 1 7  8 0 5  6 2 , 9 5 ?  7 8 9
G R A C U A T E  1 7 9  2 4 , 1 0 5  1 7 8  2 3 , 8 0 5  2 6 7
M A R K E T  t N G
L O W E R  D I V I S I O N  5 7 8  3 0 * 8 4 7  6 8 1  3 5 * 9 1 0  5 7 6
U P P E R  O I V I S I O N  6 3 7  5 4 , 0 0 5  6 3 7  5 3 , 3 7 6  6 5 1
G R A C U A T E  1 6 7  2 3 , 8 4 3  1 6 7  2 3 , 6 0 4  2 5 1
T O T A L S
L O W E R  O I V I S I O N  5 * 3 9 6  3 0 1 * 6 9 1  6 * 4 2 0  3 5 1 * 4 1 8  5 * 3 9 6
U P P E R  O I V I S I O N  2 , 8 2 2  2 1 9 , 1 6 6  2 , 8 4 3  2 1 7 , 9 2 3  2 , 8 5 2
G R A C U A T E  5 B 3  7 1 , 4 2 5  5 8 3  7 0 , 6 7 1  8 7 4
T O T A L  D I S C I P L I N E
C O N T R I B U T I O N S  8 * 8 0 2  S  5 9 2 * 2 8 4  9 , 8 4 7  % 6 3 9 * 9 1 3  9 * 1 2 3
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7 , 9 6 7
2 , 4 4 3
2 5 , 9 6 3
2 0 , 9 3 4
1 1 , 2 9 6
3 2 , 6 3 3
5 , 0 9 7
3 0 , 6 0 4
3 3 , 9 3 4
1 5 . 7 4 1
3 7 , 1 9 8
6 1 , 8 2 1
3 4 , 9 7 5
3 0 , 0 0 1
5 3 , 7 9 8
3 4 , 0 7 5
2 9 6 , 9 7 5
2 1 7 , 3 0 0
1 0 3 , 1 5 7
S  6 1 7 , 4 3 3
7 4  6 , 5 7 6
1 9 -  2 , 0 1 3
5 1 9  2 1 , 7 9 8
? 9 5  2 1 , 8 0 8
6 4  7 , 9 6 2
5 1 9  2 7 , 0 8 9
3 9  5 , 2 7 8
7 6 6  2 5 , 1 5 7
5 8 2  3 4 , 7 3 5
1 4 5  1 0 , 7 3 7
7 3 1  3 0 , 7 9 2
7 8 4  6 3 , 3 0 1
1 7 8  2 4 , 4 7 1
5 7 8  2 5 , 0 9 7
6 3 7  5 4 , 8 2 4
1 6 7  2 4 , 1 5 4
5 , 3 9 6  2 4 7 , 8 1 2
2 , 8 2 2  2 2 2 , 9 8 ?
5 8 3  7 2 , 3 7 2
8 0  7 , 0 7 3
1 9  1 , 9 8 5
6 2 2  2 5 , 9 8 8
2 9 5  2 1 , 6 8 7
6 4  7 , 9 2 1
6 2 2  3 1 , 5 6 5
3 9  5 , 1 3 3
9 1 1  2 9 , 5 9 3
5 8 2  3 4 , 2 6 8
1 4 5  1 0 , 6 3 5
8 6 9  3 6 , 0 4 4
8 0 5  6 4 , 0 7 2
1 7 8  2 4 , 1 7 4
6 8 1  2 9 , 2 5 8
6 3 7  5 4 , 2 5 3
1 6 7  2 3 , 9 3 7
6 , 4 2 0  2 8 8 , 4 7 6
2 , 8 4 3  2 2 1 , 7 6 0
5 8 3  7 1 , 6 5 9
8 , 8 0 2  S  5 4 3 , 1 6 7  9 , 8 4 7  S  5 8 1 , 8 9 6
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•BUSINESS OEGREE PROGRAM -  REGULAR INSTRUCTION
3 -  ANNUAL UNIT COST INFORMATION 
COST/TYPE/STUDENT LEVEL
DIRECT UNIT COSTS
PER CREDIT HOUR 
LOWER DIVISION  
UPPER OIVISION  
GRACUATE
PER WSCH
LOWER OIVISION  
UPPER OIVISION  
GRACUATE
PER MAJOR
LOwFP DIVISION  
UPPER OIVISION  
GRACUATE
CASE 01  
COSTS
55 * 5 5
7 6 .9 6
1 1 8 * 5 2
6 9 .8 0
7 5 .0 1
1 1 8 .1 2
8 3 8 .8 1
1 * 1 6 6 .6 7
1 * 6 1 0 .3 5
.CASE 02  
COSTS
5 6 .5 2
7 5 .9 9
1 1 7 .2 3
6 6 .9 8
7 3 .9 7
1 1 6 .8 6
8 2 3 .2 9  
1 * 1 3 0 .7 2  
1 * 3 ° 5 .0 7
CASE 03  
COSTS
% 5 6 .6 7
7 5 .5 1  
1 1 6 .2 6
6 9 .0 2
7 3 .6 0
1 1 3 .8 8
9 2 5 .5 8
1 * 1 2 5 .0 9
1 ,3 5 9 .7 5
PAGE 21
DATE 1 1 / 2 7 /7 2
CASE 0 6  
COSTS
* 6 5 .9 6
7 6 .9 8  
1 2 0 .1 6
6 1 .1 8
7 5 .0 6
1 1 9 .7 6
6 9 3 .6 3
1 , 1 6 7 . 0 6
1 * 6 2 9 .6 8
CASE 05  
COSTS
S 6 5 .0 6  
7 5 .9 7  
1 1 8 .9 2
6 0 .6 0
7 6 .0 5
1 1 8 .5 2
6 6 0 .3 8
1 * 1 3 1 .8 9
1 ,6 1 5 .1 5
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ACCOUNTING DEPARTMENT -  REGULAR INSTRUCTION
1 -  STAFF INFORMATION
NAME OF STAFF 
FACULTY 
ADMINISTRATOR
DEPARTMENT CHAIRMAN
TEACHING FACULTY 
PROFESSORS
ASSOCIATE PROFESSORS 
ASSISTANT PROFESSORS 
INSTRUCTORS 
TEACHING ASSISTANTS 
OTHER FACULTY
TOTAL FACULTY
STAFF
SUPPORT STAFF
2 -  COST INFORMATION
TYPE OF COSTS
COSTS
ACADEMIC SALARIES 
SUPPORT STAFF WAGES 
SUPPLIES AND EXPFNSES 
EQUIPMENT 
OTHER EXPENSES
CASE 01 
F T F
•  S'*
2 .7 1
2 .7 7
5 .9 P
CASF 01  
COSTS
6 8 ,0 8 1  
4 ,  *76  
912  
6 7 0
CASE 02  
FTE
.5 0
2 .9 5
2 .9 1
6 .3 6
1 .0 8
CASE 02  
COSTS
7 2 ,6 8 0
5 ,1 8 9
9 6 4
681
CASE 03  
FTF
• 5 0
3 .0 6
2 .7 8
1 .0 8
CASE 03  
COSTS
73* 3 72  
5* 1 72  
9 4 9  
6 8 0
CASE 0 4  
FTE
• 50
2 .4 6
2 .6 1
5 .5 7  
•  95
CASE 0 4  
COSTS
6 3 ,1 8 6  
4 ,5 4 5  
898  
658
CASE 05  
FTE
• 50
2 .6 5
2 .7 3
1#00
CASE 05  
COSTS
6 6 ,8 6 5
4 ,7 9 4
94 7
6 6 7
TOTAL DEPARTMENT CJSTS 7 4 ,5 4 1 7 9 ,5 1 4 8 0 ,1 7 3 6 9 ,2 8 9 7 3 ,2 7 5
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♦SCHOOL OF BUSINESS -  REGULAR INSTRUCTION
CASE 01  CASE 0 2  CASE 0 3  CASE 0 4  CASE
TYPE OF COST FTE COSTS FTE COSTS FTE COSTS FTE COSTS FTE
OEANS
FTE STAFF
ACADEMIC DEANS 
OEANS SUPPORT STAFF
COSTS
DEANS COSTS
FACULTY/SUPPORT
FTE STAFF
DEPARTMENT CHAIRMAN 
TEACHING FACULTY 
SUPPORT STAFF
COSTS
ACADEMIC SALARIES 
SUPPORT STAFF WAGES 
SUPPLIES AND EXPENSES 
EQUIPMENT 
OTHER EXPENSES
TOTAL FTE/COSTS -  OEPTS <
TOTAL SCHOCL/COLLEGE COST
TOTAL OTHER ACAOEMIC AOMIN
Won1.50
1 . 5 0
2 1 .0 2
6 .? o
2 8 .8 1
3 1 .3 1
4 0 , 1 4 0
1.00
1 . 5 0
1.50
2 2 .6 3
6 . 7 5
2 9 6 ,3 7 1
3 1 * 7 6 7
5 , 0 6 9
6 , 0 3 8
3 3 0 ,2 4 6
3 7 9 ,3 8 6
4 1 ,6 4 6
3 0 .6 8
3 3 .3 8
4 0 , 1 4 0
WOO
1 . 5 0
1 . 5 0
2 2 .8 7
6 . 8 2
3 1 5 ,4 9 1
3 4 , 1 0 1
5 ,4 1 7
6 , 4 1 2
3 6 1 ,4 2 3
4 0 1 ,5 6 3
4 1 ,6 4 6
3 1 .1 9
3 3 .6 9
4 0 , 1 4 0
WOO
1 .5 0
1 . 5 0
1 9 .3 7
5 . 8 3
3 2 4 * 3 7 0
3 4 , 4 7 0
5 ,3 4 3
6 ,3 9 9
3 7 0 ,5 8 4
4 1 0 ,7 2 4
4 1 ,6 4 6
2 6 .7 0
2 9 .2 0
4 0 , 1 4 0
1 .0 0
1 .5 0
1 . 5 0
20.68
6 .2 0
2 7 7 ,0 7 8
2 9 ,4 0 9
4 ,9 6 1
5 , 6 7 2
3 1 7 ,1 2 1
3 5 7 ,2 6 1
4 1 ,6 4 6
2 8 .3 8
3 0 .8 8
0 5
COSTS
4 0 , 1 4 0
2 9 2 , 6 1 0
3 1 , 3 0 5
5 , 2 8 8
5 , 9 7 7
3 3 5 ,1 8 2
3 7 5 , 3 2 2
4 1 , 6 4 6
TOTALS FOR REGULAR INSTR 1 5 6 .1 3  2 ,1 1 1 ,3 0 3  1 6 6 .7 2  2 ,2 2 6 ,7 2 1 1 7 2 .2 9  2 ,3 2 2 ,2 4 7  1 4 5 .0 2  1 ,9 9 1 ,8 3 8  1 5 3 ,5 1  2 ,0 8 4 ,9 7 4
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